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The present work needs but little introduction to 

the English public. The author, M. F. Marion, who 

holds a high oflScial scientific position in Paris, is well 

known, especially in Europe, as a popular writer on 

the "Wonders of Optics," and kindred subjects. As a 

rule, the original text has been strictly adhered to by 

the Translator, but in a few instances certain anecdotes 

of a local character have been altered so as to be more 

generally applicable, or condensed to make room for 

the chapter on the Spectroscope, which is entirely 

original. 
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PART I. 

THE PHENOMENA OF VISION. 



CHAPTER I. 



THE ETE. 



The Eve is at once the most wonderful and the most 
useful of all our organs of sense. It is especially by 
means of the eye that we gain a knowledge of the ex- 
terior world. Our other senses are far more limited in 
their action : thus the sense of touch only extends to 
objects within our reach ; the sense of taste is only a 
delicate and exquisite modification of the sense of touch ; 
the sense of smell can only be exercised on substances 
that are close to us ; and the use of our ears is limited 
by the distance at which the loudest sound ceases to 
impress them. But the eye has the privilege of extend- 
ing its dominion, whether for mere enjoyment or for 
serious instruction, far beyond the limits of this little 
world. Not only is it the origin of all our ideas upon 
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THE EYE. 17 

It is more especially in the eyes, adds this great 
naturalist, that these signs are manifested and recog- 
nised. The eye is connected with the mind more than 
any other organ : it seems almost to be in contact with 
it and to participate in all its movements ; it expresses 
in .obedience to it the strongest passions and the most 
tumultuous emotions, as well as the gentlest thoughts 
and most delicate sentiments, and reproduces them in 
all their force and purity just as they have sprung into 
existence; it transmits them with exquisite rapidity 
even to the minds of others, where they once more be- 
come impressed with all their original fire, movement, 
and reality. The eye both receives and reflects the 
light of thought and the warmth of sentiment, and is 
at once the sense of the mind and the tongue of the 
intellect. Persons who are short-sighted, or who squint, 
have much less of this external intelligence that dwells 
in the eye. It is only the stronger passions that can 
bring the other features of the face into play, that are 
depicted on their physiognomy ; and the eflects of fine 
thought and delicate feeling are rendered apparent with 
much greater difficulty. 

The elegant author of L'Sigtoire Naturelle rightly 
thinks that we are so accustomed only to see things 
from the outside, that we are hardly aware how much 
this exterior view of everything influences the judgment 
of even the gravest and most thoughtful of us. Thus 
we are apt to set down a man as unintellectual whose 
physiognomy does not particularly strike us ; and we 
allow his clothes, and even the manner in which he wears 
his hair, to influence our judgment of him. Hence, our 
author goes on to say, not wholly without some show 
of reason, that a man of sense ought to look upon his 
clothes as part of himself, because they really are so in 
the eyes of others, and play an important part in the 
general idea that is formed of him who wears them . 

B 
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The vivacity or languor of the movement of the eyes 
forms one of the chief characteristics of facial expression, 
and their colour helps to render this characteristic more 
striking. The differ en t colours seen in the eye are dark 
hazel, or black, as it is generally called, light hazel, blue, 
greenish grey, dark grey, and light grey. The velvety 
substance which gives the colour to the iris is arranged 
in little ramifications and specks, the former being di- 
rected towards the centre of the eye, the latter filling up 
the gaps between the threads. Sometimes they are both 
arranged in so regular a manner that instances have 
been known in which the irises of diflFerent eyes have 
appeared to be so much alike that they seemed to have 
been copied from the same design. These little threads 
and specks are held together by a very fine network. 

The commonest colours seen in the eye are hazel and 
blue, and it mostly happens that both these colours are 
found in the same individual, giving rise to that peculiar 
greenish-grey hue that is far from being uncommon. 
Bufibn thinks that blue and black eyes are the most 
beautiful, but this of course is a matter of taste. It is 
true that the vivacity and fire which play so important 
a part in giving character to the eye, are more percep- 
tible in dark eyes than in those whose tints are lighter; 
black eyes, therefore, have greater force of expression, 
while in blue eyes there is more softness and delicacy. 
In the former we see a brilliant fire, which sparkles 
uniformly on account of the iris, which is of the same 
colour throughout, giving in all parts the same reflection ; 
but a great difference may be perceived in the intensity 
of the light reflected from blue eyes, from the fact of the 
various tints of colour producing different reflections. 
There are some eyes that are remarkable for being almost 
destitute of colour, and appear to be constituted in an 
abnormal manner. The iris is tinted with shades of 
blue and grey of so light a hue that it appears quite 
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white in some places. The shades of hazel in such eyes 
are so light that they are hardly distinguishable from 
grey and white, in spite even of the contrast of colour. 

For our part, we think that the beauty of the eye 
consists not so much in its colour, or even in its har- 
mony with the rest of the face, but in its expression. 

There are also numerous instances of green eyes. 
This colour is, of course, much less frequent than blue, 
grey, or hazel. It often happens, too, that the two 
eyes vary in colour in the same individual. This defect 
is not confined to the human species, being shared by 
the horse and the cat. In most other animals the co- 
lour of the two eyes is always similar. The colour of 
the eye in most animals is either hazel or grey. Aristotle 
imagined that grey eyes were stronger than blue, that 
those persons whose eyes are prominent cannot see so 
far as others, and that brown eyes are less valuable in 
the dark than those of another tint ; but modern inves- 
tigations have failed to bear out the ancient philoso- 
pher's ideas with regard to the human eye. 

Although the eye appears to move about in every 
direction, it has in reality only one movement, that of 
rotation round its centre, by means of which the eye- 
ball rises or falls, or passes from side to side at will. 
In man the eyes are parallel with each other in relation 
to their axes ; he can consequently direct them at plea- 
sure upon the same object : but in most animals this 
parallelism is wanting. In some cases the eyes of ani- 
mals are set almost back to back, rendering it impossi- 
ble for them to see the same object with both eyes at 
once. 

Buffon makes the remark, that after the eyes, the 
eyebrows contribute more strongly than any other part 
of the face towards giving character to the physiognomy, 
being, inasmuch as they differ in their nature from the 
other features, more apparent by contrast, and hence 
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strike us more than any other portion of the counte- 
nance. They are, in fact, a shadow in the picture, 
bringing its colour and drawing into strong relief. The 
eyelashes also contribute their eflFect ; when they are 
long and thick, they overshadow the eye, making its 
glance appear softer and more beautiful. The ape is 
the only other animal besides man that possesses two 
eyelashes, the rest having them only on the upper eye- 
lid. Even in man they are more abundant in the upper 
eyelid than in the lower. The eyebrows have but two 
movements, upward and downward, governed by the 
muscles of the forehead. In the action of frowning we 
not only lower them, but move them slightly towards 
each other. The eyelids serve to protect the eyeball, 
and keep the cornea from becoming dry. The upper 
eyelid has the power of raising and lowering itself, the 
lower one being almost destitute of movement. Although 
the motion of the eyelids is an effort of will, there are 
times when it is impossible to keep them open, as for 
instance when we are overpowered by sleep, or when 
the eyes are suddenly subjected to the effects of strong 
light. The eyelid is a most admirable arrangement for 
the protection of the eye, and it is almost impossible to 
admire this provision of nature too much, even when 
we confine ourselves to an outward examination of it. 
It is not merely the outward mechanism and motion of 
the eyelids, nor the colour of the eyes, that constitutes 
their beauty ; we have already said that the leading 
characteristic of the eye was expression. It is this ex- 
pression which causes the eye to appear to speak, to fire 
up suddenly, to sparkle with flashes of light, to languish 
or conceal itself underneath its lashes, to raise itself 
with inspiration, or to pierce the abyss of thought, just 
according to the particular sentiment governing the 
mind at the moment. Hence it is expression that con- 
stitutes the true beauty of the eye : every one knows 
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instances of eyes which, while at rest, would never be 
noticed by anybody, but which, when once animated by 
intense eloquence, lend to the voice of their possessor 
an unexpected power, which moves and transports the 
listener to an extent infinitely beyond that resulting 
from the simple spoken words. 

Enough, however, has been said upon the external 
aspect of the human eye; we will, therefore, at once 
endeavour to penetrate the circle in which are con- 
tained the wonders that this little book is intended to 
describe. The object of these lines is not so much to 
describe the beauty of man's glances, nor the value of 
liis senses, but rather to make known those illusions to 
which the most sagacious of all his senses is apt to fall 
a prey. But before entering the temple it was but 
right to have bestowed a little admiration upon the 
fagade. By the way, as we are about to describe many 
illusory wonders, do not let us commence by deceiving 
ourselves with regard to our first marvel — the eye itself. 
A great philosopher calls the eyes the windows of the 
soul, and, although meant as a poetical image, the say- 
ing is not far from the truth ; for the optic nerve by 
which we see external objects, is an extension of the 
nerves of the brain, whose functions and actions are 
an unfathomable mystery. 
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CHAPTER 11. 

THE STRUCTURE OF THE BYE. 

Of all the senses, says an ardent admirer of nature, 
the sight is certainly that which furnishes the mind with 
the quickest and most widely-extended perceptions. It 
is the source of the richest treasures of the imagination, 
and of our ideas of the beauty, order, and unity of the 
world around us. How unhappy are those whom a 
hard fate has deprived of the sense of sight from their 
birth ! Alas ! the finest day and the darkest night 
differ in nothing as far as they are concerned ; the light 
of heaven never brings joy into their hearts. The 
enamelled beauties of a bed of flowers, the varied plu- 
mage of the peacock, the glories of the rainbow are 
alike unknown to them. They cannot contemplate from 
the mountain height the beauties of the valley beneath ; 
the fields golden with the harvest, the meadows smiling 
with verdure, and watered by winding rivers, and the 
habitations of man dotted about here and there over 
the surface of this magnificent picture. To them is 
unknown the sight of the mighty ocean; and the 
innumerable legions of the cloud army of Heaven are 
to them as if they did not exist. The impenetrable 
obscurity which surrounds them allows them neither the 
contemplation of what is grandest in man's outward 
aspect, nor even the admiration of those qualities which 
they themselves would hold most dear. 
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A strong sentiment of pity should, therefore, ani- 
mate the breast of every right-thinking man, when he 
considers the unhappy condition of those who are born 
blind. 

The eye infinitely surpasses in its complexity and 
beauty of structure all the other organs of sense, and 
is most unquestionably the most marvellous object that 
the human mind is capable of examining and under- 
standing. Let us first examine the external parts of 
this wonderful organ. With what a singular system of 
entrenchments and defences do wo find the eye pro- 
vided! It is itself placed in the head at a certain 
depth, and surrounded on all sides by solid bone, so that 
it is only with the greatest diflSculty that it is hurt by 
accident from without. The eyebrows also play their 
part as protection to the eye, and prevent the perspira- 
tion from entering and irritating the organ. The eye- 
lids too are always ready to rush to the rescue, whether 
to protect the eye from outward attacks, or to shade it 
from too strong a light during sleep. The eyelashes 
not only add to the beauty of the eye, but they shade 
it from the too brilliant light of the sun, and act as 
advanced guards to prevent th^ entrance of dust or any 
other foreign body with which the eyes might be in- 
jured. 

But its internal structure is still more admirable. 
The globe of the eye is almost spherical and measures 
nearly one inch in diameter. Fig. 1 is a view of the 
eyeball, showing the details of its structure ; the various 
membranes surrounding it have been cut away in order 
that it may be better examined. If we commence our 
examination by the exterior portion of the front, we 
shall first find immediately beneath the eyelashes a per- 
fectly transparent membrane (c), called the cornea. It 
is a prolongation of the hard opaque external coating 
of the eye, called the sclerotic membrane^ and marked 
s in the figure. The cornea is suflSciently hard in its 
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nature to present a strong resistance to any violence 
from nithout. 

Immediately beneath the cornea and in contact with 
it is the aqueous humour, a thin transparent liquid oc- 
cupying a small portion of the front of the eye. 

Next comes the iris, a circular disc perforated with a 
round hole in the middle, and coloured with various 
shades of blue, brown, and grey. 

The opening in the centre, which appears like a black 
spot when the eye is examined, is not really an object, 
but simply an aperture, capable of changing its size 
according to the quantity of light striking the eye. 
This change of size in the opening, or pupil, as it is 
popularly called, is effected by the contraction or ex- 



pansion of the iris, which thus poasesaes the peculiar 
property of exactly proportioning the amount of light 
that enters the eye, so that there is never too much or 
too little. It is through the pupil that the raye of 
light proceeding from the various objecta around us pass 
into the interior of the eye, and form an image upon 
the retina, as will be afterwards explained. 

Immediately behind the pupil is 0, a bi-convex lena 
to transmit the rays of light to the retina. It is gener- 
ally called the crystalline lens. 
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From the crystalline lens to the back of the eyeball, 
ia a space more or less globular in form, containing 
a gelatinous diaphanous mass somewhat resembling 
white of egg in appearance, and called the vitreous 
humour. 

Behind the vitreous humour, and immediately oppo- 
site the pupil and lens, is the most delicate and im- 
portant of all the membranes of the eye, the retina, 
which serves as a screen whereon are received the 
images of the objects around us. This membrane is an 
expansion of the optic nerve N leading from the brain,, 
and lines the whole of the interior of the eye. The 
eye is also enveloped in a second membrane (c), called 
the choroid, which is impregnated with a black pigment. 
Round this is wrapped a third membrane, the sclerotic 
(s), which unites with the cori^ea in front of the eyeball. 

The crystalline lens through which all the rays pass 
before they reach the retina, possesses the marvellous 
power of bwng able to modify its curvature in such a 
manner as to adapt itself to the distance of the object 
seen, and thus throw a distinct image on the retina. 
When we come to talk of the properties of lenses, we 
shall see that the focus of a lens differs for objects at 
different distances ; if, therefore, the eye were not pro- 
vided with some such means for altering the focus of the 
crystalline lens, we should only see objects distinctly at 
one particular point. The crystalline lens consists of 
infinite numbers of extremely thin transparent little 
plates, each of which is in itself composed of fine fibres 
so united together as to be capable of a small degree of 
compression or extension. Hence the power of the 
lens to alter its form according to circumstances. It is 
calculated that the human eye contains over five mil- 
lions of the laminae above referred to. With such won- 
ders is the world of nature replete, — wonders that wo 
daily and hourly pass by without examination. 
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It IS by means of this ingenious and inimitable struc- 
ture of the eye that external objects pass from the do- 
main of the material world into that of the mind, and 
become accessible to every faculty of our brain. Of its 
own accord, and without apparently any effort of our 
own will, does this marvellous mechanism adapt itself 
to all the variations of distance and intensity of light, 
a power possessed by no instrument as yet constructed 
by the hand of man — being capable, as it is, of distin- 
guishing instantaneously between the distance of the 
* remotest nebulae and that of the letters forming this 
page. This wonderful organ, writes Brewster, may be 
considered as being the sentinel that guards the passage 
between the world of matter and that of mind, and as 
the medium through which they interchange all their 
communications. The optic nerve perceives the objects 
written on the retina by the hand of nature, and con- 
veys them to the brain in all their integrity of form and 
colour. 

The path of the rays of light and the formation of 
images upon the retina are shown in the preceding 
figure. At first sight it will be perceived that the ob- 
jects thereon depicted are in a reversed position, that is 
to say, when we look at a view similar to that sliown in 
fig. 2, we should find, if we had any means of observing 
the positions of objects reflected on our retina, that the 
flock of sheep coming up the road were at the top of the 
eye, while the trees, the roof of the house, and the chim- 
ney were in the contrary position. Similar reversed 
images may be seen in dark rooms, by holding a screen 
before any little crack or pinhole in the door or shutter 
of the room. In fig. 2 the keyhole of the door is repre- 
sented as playing the part of a lens. The author, in 
common with almost every other boy, observed this fact 
at a very early age, and the idea immediately struck 
him that it would be only necessary to fix these images • 
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to procare exact representatione of natural sceoerj ; but 
in making inquiries into the Bubject, be found that hia 
JQTCiiile observations had been made a little too late, 
photography having already gained the end he intended 
striving for. 



Seeing that the images of all objects appear on our 
retina upside down, the student is naturally disposed to 
ask how it happens that we do not see them in that 
position. Physiologists and natural philosophers have 
advanced numerous theories on the subject. Some, 
with Buffon, admit at once that it is by habit and edu- 
cation of the eye that we see objects unreversed. 
Others, like the great physiologist Miiller, imagine that 
as we see everything upside down, and not a single ob- 
ject only, we have no points of comparison, and practi- 
cally ignore the reversal. The truth, however, appears 
to be that it is the brain, and not the eye, that possesses 
the power of determining the real position of what we 
see. That the eye alone has no power of determining 
the positions of objects by itself, may be easily proved 
by showing a person an astronomical object, such os tho 
mooQ through a telescope. Unless the observer has 
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been already familiarized with the appearance of our 
satellite, he will not know whether the image he sees is 
reversed or not. It is the brain, therefore, and the 
brain only, that has the power of determining the posi- 
tion of objects around us, without taking into consider a- 
• tion the reversed picture of them that is depicted on our 
retina. The student who takes an interest in the struc- 
ture of this important organ, would do well to procure 
•' A sheep's or bullock's eye from the butchers, and dissect 
it cafefully with a sharp penknife and pair of scissors. 
Jhe image formed on the retina may be easily seen by 
cfttting away the sclerotic and choroid coatings at the 
back of the eye. 

The ordinary distance of distinct vision for small 
objects, such as the letters of a book, is from ten to 
twelve inches. But possibly there do not exist two 
pairs of eyes in the world whose foci are the same. 
Even in the same individual it frequently happens that 
the focal length of the eyes differs considerably. In 
some persons the focus of the eye is so reduced that 
they are obliged to bring the object they are examining 
within six, and even four inches of their eyes, before 
they can see it. This defect is known ordinarily as 
short sight, and results from the too great convexity of 
the cornea and crystalline lens. It is corrected by 
wearing spectacles with concave glasses. Others again, 
on the contrary, place the book or object they are look- 
ing at, at a greater distance from the eye than that 
named. Such people are called long-sighted, and the 
defect results from the too great flatness of the cornea 
and the crystalline lens. The fault is of course cor- 
rected by the use of spectacles containing convex 
lenses. 

Long-sightedness is generally the result of old age, 
and it may be taken as a fact that the older we grow 
the flatter becomes the crystalline lens. Hence short- 
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sighted people have been known to recover their sight 
perfectly as they advance in years through the natural 
process of the flattening of the crystalline lens. These 
matters, however, will be more fully treated of when 
we begin to speak of the properties of lenses of different 
forms and curvature?* 
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CHAPTER ni. 

THE ERRORS OF THE ETE. 

It is with our own organization that we shall com- 
mence our task of exposing the illusions that we shall 
meet with during our optical experiments, — in fact with 
that wonderful and important organ of our body that 
we are apt to look upon as sure and infallible, but 
which we shall find is deceiving us constantly, and 
hourly proving the fallacy of the popular saying, that 
" every one must believe his own eyes." In ancient 
times there existed a school of sceptics who doubted 
everything beginning with Pyrrho, the great theorist, 
and ending with the follower of his school who doubted 
the existence of muscular force even after he had re- 
ceived a sound box on the ear from an opponent of his 
system of philosophy. If any of our readers were to 
become followers of Pyrrho, they might easily do so 
when considering the numberless illusions we shall 
describe to them, if they did not remember that if our 
senses are subject to error, we have a brain to set them 
right: our mind, if logical and well regulated, soon 
discovers errors of observation, and speedily places our 
judgment on the most solid basis. We shall find end- 
less instances of this throughout our little book. If 
we are dazzled with illusions from time to time we shall 
as often recover ourselves; and no matter how beauti- 
ful or interesting these deceptions may appear, we shall 
speedily be able to convince ourselves that they are 



THE ERRORS OF THE EYE. 31 

unreal. In this chapter we shall only speak of those 
errors of the eye of which we have actually lost all 
cognizance, so effectually has our judgment succeeded 
in counteracting their influence. 

We all know that the first thing a child does with its 
eyes, even when it is only five or six weeks old, is to 
turn them towards the most brilliant object within its 
reach. Instinctively and without being aware of it, 
the child's eye seems to seek the light. The whole of 
nature, from the lowest plant to the baby in the cradle, 
appears more or less endowed with this instinct of turn- 
ing towards the light. 

From the time that children begin to distinguish ob- 
jects, their eyes are liable to be affected by two causes 
of error. Before being able to judge of the position of 
things surrounding them, they see everything upside 
down ; they consequently acquire a false impression of 
the position of objects. The next cause of error that is 
likely to mislead them is the fact of their seeing every- 
thing double, a separate image of everything being 
formed on each eye ; and it can only be by the experi- 
ence gained through the sense of touch that they can 
acquire the knowledge necessary to rectify these er- 
rors, and see those objects single which appear to them 
double. This error of sight, as well as the first one, is 
set right so easily in the end, that although in reality 
we see everything double and upside down, we imagine 
that we see them single, and in their proper positions, 
a state of things brought about entirely through ano- 
ther sense exercising its power over our judgment ; and 
it is hardly too much to say that, if that sense were de- 
prived of the power of feeling, our eyes would deceive 
us, not only as to the number, but the position of the 
objects within our view. 

It is very easy to convince ourselves that we really 
see objects double, although we imagine them to be only 
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single. We have only to look at the same object first 
with the right eye, and we shall see it directly against 
some portion of the wall of the room in which we are 
sitting ; then looking at it with the left eye, we shall 
see that it covers a different part of the wall. This ex- 
periment is easily tried, and is very convincing. Thus 
we see that an image is formed on both eyes, and we 
consequently see the object, whatever it may be, re- 
peated twice. By degrees, however, the eyes gain the 
power of converging their axes on objects at different 
distances, so that they fall on similar portions of each 
retina, and so convey a single impression to the brain. 
Thus, for instance, if we look at a pencil held up at 
arm's length, and then, without changing the position 
of the eyeball, look at some distant object, we shall see 
it double. Let us, however, converge the eyes upon it, 
and the two images unite. Reverse the experiment by 
now looking at the pencil without converging the eyes 
upon it, and we shall see that object double in its turn. 
The same thing happens if we push aside one of the 
eyes with the finger while looking at any object. 
During severe illness it often happens that the patient 
from extreme weakness loses the power of convergence, 
and consequently sees every thing double, and we con- 
tinually see children's faces wearing a most distressing 
appearance through "having temporarily lost the power 
of moving the muscles of the eye. It is a common ex- 
pression to use in speaking of drunken people, that they 
see double, but the saying, unlike many others, is no 
metaphor ; when a man gets drunk he loses his power 
over the muscles of his eye, just as he does over those 
that sustain his body, and the instinctive closing of one 
eyelid, in order that he may see objects single, is an 
effort of his weakened judgment to set things right once 
more. 

While on this subject we may mention the experiment 
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made by the famous Enelish surgeon Cheselden upon a 
boy who was born blind, and upon whom he operated 
successfully. 

This boy, who was thirteen years old at the time that 
Cheselden restored to him the sense of sight, was not 
born absolutely blind, his affliction having been caused 
by a cataract or film spread over the eyeball, which al- 
lowed him to distinguish night from day, or black from 
white or scarlet when placed in a very good light, 
although he was unable to perceive the form of things 
around him. At first Cheselden operated on a single 
eye, perfectly restoring its power ; but so little idea of 
distance did the new sense convey to the boy's mind 
that for a long time he imasined that everything touched 
his eyeball, just as those he felt touched his skin, and 
it was only by the sense of touch that he could persuade 
himself of the fallacy of his supposition. At first he 
had no perception of form whatever, and could onlv 
recognize objects he had already been familiar with 
after he had felt them all over. He was a long time, 
for instance, before he could distinguish between the 
dog and the cat without touching them, and was greatly 
surprised to find that the persons and things he had 
liked best when blind were not always the pleasantest 
to his newly acquired sense. His ideas of size, too, 
were all at fault, and he could not, for a long time, be 
made to understand how his father's picture could be 

fot into the back of his mother's watch ; even after he 
ad possessed his sight for a comparatively long time, 
he could still only recognise people he had known during 
his blindness by touching their faces. Whenever he 
saw a new object he looked at it attentively for some 
time, in order, as it were, to learn its form by heart ; 
but his memory was at first so overtaxed that he con- 
tinually forgot his visual impressions, and mistook one 
thing for another. He was more than two months be- 
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fore he could appreciate form as depicted in a painting 
or drawing, haying hitherto learned to consider pictures 
as flat objects. When, however, he began to understand 
the power of light and shade in producing the repre- 
sentations of solid objects, he was often extremely sur- 
prised to find the surface on which they were depicted 
quite flat when he touched it. The same thing frequently 
happens to ourselves, when looking at the photographs 
of bas-reliefs for instance. If these objects be well 
photographed, with the proper arrangement of light 
and shade, the illusion is so complete that the finger 
involuntarily touches the paper to feel if the surface is 
not really raised. In the Bourse at Paris there are 
some figures painted to represent bas-reliefs in so won- 
derful a manner, that numberless bets have been made, 
lost and won, over them. When feeling such repre- 
sentations of solid objects, the boy would often ask 
those around him which of his senses was deceiving him, 
his sight or his touch. 

At first he saw everything of an enormous size, but 
as he saw things larger than those around him, he found 
the latter diminish. He also imagined that there was 
nothing beyond the room he was in, and could not be 
brought to comprehend how the house could be larger. 
When the sight of the second eye was restored to him a 
year afterwards, he at first saw every object of an enor- 
mous size, just as in the case of the first eye ; but as 
he had now the perfectly educated organ to help him as 
well as his sense of touch, he soon began to see things 
under their natural appearances. 

While he was in ignorance of what sight really meant, 
he was not particularly anxious to undergo the opera- 
tion, saying that he did not think it possible to derive 
more pleasure from things that he liked than he did 
while he was blind. But now that his sight was restored 
he found every fresh object a new pleasure. When 
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first he was shown thp landscape from the top of a high 
hill, he was so delighted that he exclaimed that he had 
found another sense* When his second eye was operated 
upon, he saw things apparently twice as large with both 
eyes as with the one already restored to him. Even at 
first he seemed to have no difficulty in converging the 
eyes on any object. 

These extracts from the history of Cheselden's patient 
show us how utterly incapable the eye must be of 
rightly understanding the number, position, size, and 
form of objects without frequently correcting our im- 
pressions by the aid of the sense of touch. 
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CHAPTER IV- 

OPTICAL ILLUSIONS. 

Besides the errors of sight already spoken of, there 
are oth^r illusions, which are either common to all per- 
sons or confined to certain individuals, the knowledge 
of which will serve as a fitting prelude to the descrip- 
tions of those which are artificial. 

The following defecf, for instance, is one which is 
lirtle known, but notwithstanding our ignorance of its 
existence it is nevertheless true that we all suffer from 
it. There is in every one's eye a blind spot, totally in- 
capable of experiencing the efi'ects of the rays of light 
when they impinge upon it. For objects situated oppo- 
site to this particular spot we are as completely blind as 
if we had no eyes at all. To convince yourself of the 
truth of this assertion it is only necessary to try the 
following simple experiment. 

Place upon a piece of white paper two small wafers, 
or two blots of ink about an inch and a half apart. 
Take the sheet in your right hand, and hold it up par- 
allel to the lines of the eyes; shut the left eye, and fix 
the right eye on the centre of the left wafer or ink-spot. 
Move the sheet of paper steadily towards the eye, until 
it is about two inches and a half or three inches' dis- 
tance from it, and you will find that in a certain position 
the other wafer or ink-spot will disappear, although it 
is evidently still in the field of view. Having discovered 
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this point which differs for different eyes, you will find 
that if you diminish or increase the distance of the 
paper you will once more see the missing object. The 
same thing happens if you move the eye from the centre 
of the wafer. The same experiment may be repeated 
with the left eye with a precisely similar result. 

It has been found by experiment that this particular 
blind space exists exactly over the base of the optic 
nerve, at the spot where it joins the eye. (Fig. 1.) 
^ Thus we see that the nerve which actually conveys the 

impression of sight to the brain is in itself incapable of 
being excited by light. In such cases as these Nature 
seems to laugh at us, and escapes from our grasp just 
as we are most confident in our power of wresting her 
secrets from her ; indeed we may compare her to a wise 
and good-natured mother, who, though always amiable 
and willing to instruct those about her, sometimes 
smiles when her children fancy they are as learned as 
she is. ' 

If we do not perceive the constant recurrence of the 
phenomenon just mentioned, it is because when both 
eyes are open the object whose image falls on the blind 
spot in one eye is seen by the other, the insensible 
portions of each eye being on opposite sides. Not only 
this : the spot being always situated on the outer and 
indistinct portion of the image reflected on the retina, 
we do not take notice of it ; for as every one has no 
^ doubt observed, it is only the small portion of the 

object we are looking at exactly opposite the centre of 
the eye that is perfectly distinct and clear, all the rest 
being confused in its details, although quite visible. 
I Again, we may account for our not noticing it by the 

j fact of our seeing clearly only those things which 

specially attract our attention — a fact first noticed by 
Mariotte. We see only what we wish to see with our 
physical eyes, as well as those of our mind. If our 
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attention is attracted by a particular portion of a land- 
scape, we see only that, and nothing else. If it is 
fixed on some subject that we are contemplating in- 
• wardly, we see nothing at all, although our eyes may 
not only be wide open, but absolutely fix^d on some 
particular object. For instance, suppose a sportsman 
is out in the fields preceded by his dogs, Bran and 
Ponto. If he follows the movements of Bran with 
attention, he becomes the only object animate or inani- 
mate, that depicts itself on his retina. Ponto may 
jump and caper in vain: he is lost to his master's eye 
as much as if he were not there at all ; his mind is 
entirely fixed on the beauty of Bran's coat, on the fit 
of his collar, or fifty other things, and he sees nothing 
else. But let the sportsman begin to think of the 
number of birds he shot yesterday, or how he will find 
time to get up to the grouse in Scotland, or of that 
fine stag he missed when he was last amongst the 
heather, and dogs, cover, and landscape will fade from 
his sight as efiectually as if he had been struck with 
blindness. Let him, however, strike his foot against a 
stump, or let the dogs suddenly begin to point, and he 
instantly receives back his sight, which but a few 
moments before he had lost to all intents and pur- 
poses. 

The phenomena of ocular spectra and complementary 
colours experienced by every one forms a curious 
chapter in the history of those illusions which take 
their origin in the eye itself. Every one has noticed 
that after looking fixedly at a bright light or a striking 
colour for a few moments, the eye preserves an impres- 
sion of the object for a certain time. A very light 
window looked at intently for several seconds will leave 
the impression of its cross-bars on the retina for several 
minutes, the colour of the image changing at every 
movement of the eye. The same effect may be observed 
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when looking at the setting sun, or a flaring gas light. 
If the light at which we look is coloured, we shall see 
the complementary colour in the impression left on the 
retina. Sir David Brewster was one of the first to 
notice and experiment upon these very interesting 
facts. 

If we cut out any simple figure, a small cross for in- 
stance, in scarlet paper, place it upon a white back- 
ground and look at it fixedly for a minute or two, we 
shall find that its tint will gradually become duller. 
If we now suddenly look at a piece of white paper, 
we shall see the cross depicted upon it in green, which 
is the complementary colour to red. It should be ex- 
plained, that the complementary of any colour is that 
which is necessary to make white light. Thus, blue, 
yellow, and red (as wo shall find out when we come to 
speak of the prismatic spectrum), mixed in certain pro- 
portions, form white light ; consequently the comple- 
mentary of orange, which is composed oi red and yel- 
low, will be blue ; of green, which is yellow and blue, 
red ; of purple, which is blue and red, yellow, and vice 
versd. The complementary of black is white, and of 
white, black as a rule ; but if the white object be very 
brilliant, the black spectrum will speedily become col- 
oured. The impression left by the setting sun is of this 
character. At first, while the eye is open, the image 
is black, then brownish red, with a light blue border ; 
but if the eye be shut suddenly, it becomes green, with 
a red border, the brilliancy of colour being apparently 
in proportion to thtf strength of the impression. These 
spectra may be perceived for a long time, if the eye is 
gently rubbed with the finger now and then. Some 
eyes are more impressionable in this respect than 
others, and Beyle gives an instance of an individual 
who saw the spectrum of the sun for years, whenever 
he looked at a bright object. A modern instance of 
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this occurred lately to an amateur astronomer who was 
looking at an eclipse of the sun. He unfortunately 
used a glass that was not sufficiently smoked, and the 
image of the sun's disc, with the black space caused by 
the intervening moon, remained on his retina for months 
after. This gentleman's case afforded an instance of 
the necessity of attention in order to see any object, 
for after the first few days he only became sensible of 
his unfortunate mishap when his attention was called to 
it by some accidental circumstance. These facts were 
so inexplicable to Locke, that he consulted Newton on 
the subject, and was surprised to learn that the great 
philosopher himself had suffered for several months 
from a sun-spectrum in the eye. 

Without affirming that optical illusions are the cause 
of all the supposed supernatural appearances of which 
we have heard so much, there is no doubt that in many 
instances the eye plays an important part in deluding 
the brain. The following example, also cited by Beyle, 
will show this clearly. A horseman dressed in black, 
and riding a white horse, was trotting along a portion 
of the road, which through a sudden break in the 
clouds was brilliantly illuminated by the rays of the 
sun. The black figure of the man was projected 
against a white cloud, and the horse appeared doubly 
brilliant from being seen against the dark-coloured road. 
A person who was greatly interested in the arrival of 
the horseman was watching them with great attention, 
when suddenly the horse and his rider disappeared be- 
hind a wood. An instant after the observer was terri- 
fied at seeing a white cavalier on a black horse project- 
ed on a white cloud at which he was accidentally 
looking. It may be readily imagined that such an oc- 
currence, followed up by a succession of unusual events, 
— such as illness, death, or any other series of misfor- 
tunes, — ^might even in the present day add a chapter to 
the history of the marvellous. 
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To the illusions to which, like the preceding, we are 
all subject, may be added those resulting from some ab- 
normal conformation, or some disease of the eye, in 
those who labour under them. An example of this oc- 
curs in the case of double or triple vision, many re- 
markable instances of which are mentioned by Miiller, 
the celebrated physiologist. 

Although, as before explained, the image of an object 
is depicted at the same time on both our eyes, still we 
only see one impression, in consequence of the two 
images being carried to the brain from corresponding 
portions of the retina. If this relation be disturbed by 
any cause, or if the eyes are not converged exactly 
upon the same point, a double image is the result. 
The first of these facts may be proved by looking at 
the moon, for instance, with the left eye shut ; on 
suddenly opening it, two images will be seen for an 
instant. The second is instantly proved by pushing 
either of the eyes aside with the finger, when looking 
at any object. 

It is necessary, however, to distinguish between these 
effects and true double vision, as well as a certain defect 
which exists in the eyes of many people, consisting in the 
apparent multiplication of distant objects by the same 
eye. In these cases, there is a superposition of images 
upon the retina, each having its proper bounds. With 
the majority of individuals afflicted in this way, it 
only happens when they look at a very distant object, 
the moon or stars for instance. There are many, how- 
ever, who suffer from it in the case of everything they 
look at, whether far or near. Stephenson, who was affected 
with it, made it the subject of many interesting experi- 
ments. When he looked at a clear mark on a white 
ground, and gradually walked away from it, not only 
did the image become indistinct, but it seemed to unfold 
itself into several, independently of many others much 
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more indistinct, more especially two situated on each, 
side, whose distance increased the farther he walked 
away. As these latter images became more and more 
separated, they also became more confused. The image 
seen by the right eye was a little higher than that 
seen by the left. Griffin states, that after having used 
the telescope for any length of time, the eye that he 
kept shut always saw objects triple and double for 
some hours afterwards. These phenomena are possibly 
connected in some way with the disposition of the 
plates and fibres of which the crystalline lens of the 
eye is composed. 

Semi-vision, or hemiopia as it is called, is much more 
rare and more difficult to explain than the phenomena 
of double vision; and consists in the power of being 
able to see only the right or left half of the object 
looked at, the separation being vertical when the eyes 
of the observer are in the same horizontal line. Thus, 
in looking at the word Newton, the person so afflicted 
would only see either the letters New or ton according 
to which half of the eyes were defective. 

WoUaston was afflicted with hemiopia on two. dif- 
ferent occasions ; the first time after violent exercise, 
during two or three hours, when he could see distinctly 
only the left-hand halves of the objects he was looking 
at. Both eyes were similarly affected, and the pheno- 
menon only lasted about a quarter of an hour. Twenty 
years afterwards he suffered again from the same 
accident, but on this occasion in the contrary manner ; 
that is to say, he only saw the right halves of the 
objects he was looking at — ^to use his own words, he 
could only see the right half of every friend he met. 
At certain distances from the eye, one of two persons 
would become invisible, and by simply changing 
his own position or that of the persons he was near, 
he could make one or other of them, or indeed both. 
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disappear at will. It must be acknowledged that 
similar tricks of Dame Nature, due to an unconscious 
insensibility of the eye, are most singular, and at first 
sight appear to have a supernatural origin. 

Bartholin mentions the case of a hysterical woman 
who was afflicted with hemiopia horizontally, and saw 
all natural objects cut in two, the lower halves being 
invisible. In this instance it was only the left eye that 
was defective. 

Another interesting example of optical illusion is the 
luminous sensation produced internally when the eye, 
or the neighbouring parts, are struck or stimulated by 
friction or electricity. These appearances are experi- 
enced even by those who have lost their sight. MUUer 
states that a case was submitted to a legal tribunal to 
decide whether the luminous sensations which are per- 
ceptible when we rub our eyes are really light. The 
matter in dispute was whether a man who was attacked 
by robbers in the dark, could see and recognise them by 
means of the light produced in his eyes by a violent blow 
on the head ; but he does not tell us how the question 
was decided. With regard to internal causes, Hum- 
boldt tells us that a man whose eye had been extirpated, 
was sensible of luminous appearances whenever he was 
galvanized. Lincke states that a man whose eye had 
been removed by a surgical operation, saw next day all 
kinds of luminous phenomena, which tormented him cru- 
elly with the idea that after all his eye had been saved. 
When he shut the perfect eye, he fancied he saw with 
the missing eye circles of fire, persons dancing, and si- 
milar appearances for several days. These facts are 
analogous to those told of persons who have had their 
legs and arms amputated, but who, notwithstanding, 
apparently feel pain in their lost limbs. 
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CHAPTER V. 

THE APPRECIATION OF COLOUR. 

Most people understand each other sufficiently to 
agree in their ideas about various colours. Thus every 
one agrees in saying that poppies are red, that the sky 
is blue, and the leaves green ; but if any one were to 
assert that the sky was red, that the leaves were blue, 
and poppies green, who could possibly contradict him? 

This statement may appear a paradox, and an absur- 
dity to many of our readers, but it is really a problem 
that has engaged the attention of many of our greatest 
philosophers. Who can prove that what I see as yel- 
low may not appear blue to you, or that what you see 
red is not green to me ? You would possibly explain 
the doubt by saying that because we both agree in call- 
ing a buttercup yellow, that we see the same colour. I 
call a buttercup yellow, because I have learnt since my 
childhood to give this name to the particular sensation 
I experience when I look at one of these flowers ; but 
that is no proof that the sensation I feel is similar to that 
felt by everybody else, and it is not merely possible, but 
probable, that our personal sensations of colour are es- 
sentially different, although the arbitrary words we use 
to designate them are the same. 

It may be remarked in parenthesis, that colour is not 
an entity, but is simply the effect of certain properties 
of surface or interior structure possessed by every sub- 
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stance with which we are acquainted. The old Baying, 
that ^^ all cats are black in the dark/' is really a pro- 
found philosophical truth, which is not only true of cats 
but of the reddest rose that ever grew in a garden, the 
bluest violet that ever was plucked, the prettiest girl 
that ever was kissed under the mistletoe. It is a sad 
thing to think of, that when we put the candle out, and 
step into bed, we become blacker than the blackest ne- 
gro that was ever emancipated. But without light 
there can be no colour, for there is no material, so to 
speak, from which to manufacture it. White light, as 
we have said before, is made up of jed, blue, and yel- 
low, and it is by the absorption of one or all of these 
that all tints are formed. The surface of a poppy leaf 
has the power of absorbing all the blue and a little of 
the yellow, reflecting the whole of the red and the re- 
mainder of the yellow, the mixture of the two forming 
scarlet. The surface of a marigold acts differently; all 
the blue is absorbed, as in the case of the poppy, and a 
good deal of the red with it, leaving just a little to 
brighten up the yellow which is reflected with it. Some 
substances, white marble for instance, have no power 
of splitting the light into colours, absorbing some and 
reflecting others, but reflect the whole of it in its inte- 
grity. Others again, like black velvet, absorb nearly 
the whole, just reflecting sufficient to enable us to see 
its surface. 

We began this chapter by speculating on the proba- 
bility of our seeing different colours to our neighbours, 
and we shall now proceed to show that our speculations 
in that direction are not so absurd as they appear to be 
at first sight. 

The phenomenon of colour blindness, or the insensi- 
bility of the eye to certain colours, has been for many 
years past a puzzle both to the physiologist and tlie 
philosopher. Perhaps the most remarkable case of the 
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sort is that mentioned first by Huddart, and quoted by 
Sir David Brewster, of a shoemaker named Harris, 
living at Maryport, in Cumberland, who was utterly 
incapable of distinguishing any colour at all, and saw 
everything white, grey or black. The first time that 
Harris noticed this defect, was when he was about four 
years old ; having found the stocking of a playmate in 
the street, he returned it to him at his cottage, and 
noticed that every one said it was a red stocking, but he 
could not understand why they should call this par- 
ticular stocking red, as it seemed to him to be like every 
other. This circumstance remained in his mind, and a 
few more similar observations confirmed his suspicions 
that he had some defect of sight that prevented him 
from seeing as others did. He also observed that other 
children pretended to distinguish cherries from their 
leaves by what they called their colour, whilst he could 
see no difference between them, except those of shape 
and size. He also noticed that by means of the differ- 
ence of colour, others could distinguish cherries on a tree 
at a much greater distance than he could ; whilst he, on 
the contrary, could see other things at greater distances 
than his companions. Harris had two brothers, whose 
eyes were similarly defective ; one of these, that Hud- 
dart examined, mistook green for yellow constantly, and 
orange for light green. 

In the Philosophical Transactions Scott describes a 
similar defect in his own powers of vision. He states 
that he was unable to distinguish green, and that the 
colours known as crimson and pale blue presented no 
difference of hue. He further confesses his inability to 
see any difference between bright green and bright red, 
although he could distinguish between red and yellow, 
dark blue, and almost every shade of blue, except sky- 
blue. He goes on to relate how he married his daugh- 
ter to a worthy young man of his acquaintance, and that 
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the day before the wedding tlie bridegroom came to his 
house in a full suit of black, as he thought. He was 
greatly displeased to see him appear in mourning on 
such an occasion, and took an opportunity to remonstrate 
with him on the subject. But what was his surprise to | 

hear his daughter exclaim, in loud tones of counter re* 
monstrance, that she had rarely seen her lover in a coat 
of such a pretty colour, and that her father's eyes must 
deceive him on this as on many other occasions. Scott's 
father, his maternal uncle, one of his sisters, and two of 
his sons had the same defect of sight. Dr. Mitchell 
mentions the case of a naval officer who for his ordinary 
uniform chose a blue coat and waistcoat and red trousers, 
fully believing that they were all of the same colour. A 
tailor of Plymouth, also mentioned by Dr. Mitchell, 
mended a black silk waistcoat with a piece of crimson, 
and another put a red cloth collar to a blue coat. Se- 
veral celebrated men have suffered from colour-blindness. 
Amongst them may be mentioned Dugald Stewart, the 
great philosophical writer ; John Dalton, the originator 
of the atomic theory ; and Troughton, the philosophical 
instrument maker. Dugald Stewart first discovered the 
defect on hearing a member of his family admire the 
contrast of colour between the leaves and fruit of a Si- 
berian crab-tree, while he could see no difference between 
them, except in point of form and size. John Dalton 
could not distinguish blue from crimson, and he could 
only see two colours, blue and yellow, in the prismatic 
spectrum. Troughton could see no difference between 
dark crimson, bright orange, and yellow — in fact, he 
could only distinguish blue from yellow. 

In an article on this subject, published in the Maga- 
sin Pittoresque for 1846, a Swiss physician gives some 
interesting examples, which are worth repeating. In 
the solar spectrum obtained by passing a ray of light 
through a triangular prism, and which is composed of 
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the following colours, — red, orange, yellow, green, blue, 
indigo, and violet, — Dalton could only see yellow, blue, 
and violet. Rose-colour by day appeared to him a pale 
blue, but at night it seemed to take an oi*ange hue. By 
day crimson seemed to be dirty blue, and red cloth dark 
blue. Dr. Whewell having asked him one day to describe 
the colour of the doctor's scarlet gown, Dalton pointed 
to the trees around them, and declared he could distin- 
guish no difference in their colour ; and one day having 
dropped a stick of red sealing-wax in the grass, he had 
the greatest difficulty in finding it again. Since Dal- 
ton's time over five hundred distinctly marked instances 
of this imperfection have been noticed, and Professor 
Prevost, of Geneva, has named it Daltonism^ an ex- 
tremely unphilosophical piece of pathological nomen- 
clature, which has unfortunately received the sanction 
of too many great physiologists to be abolished. Blind- 
ness might just as well be called Homermn or MiU 
tonism. 

Colour-blindness is much more frequent than is gene- 
rally supposed, for those who are afflicted with it are 
mostly ignorant of the defect, and frequently practise 
trades or professions in which perfect sensibility to the 
different hues of colour is quite indispensable. An in- 
stance of this occurred some time since in the case of 
an engine-driver, who allowed his engine to run into a 
luggage train, through not noticing the red danger sig- 
nal. At his examination it was proved that he was 
colour-blind, and could not distinguish red from green. 
Partial colour-blindness is, no doubt, the cause of the 
frequent disputes that we hear about the tints of cer- 
tain objects ; to say nothing of the glaring instances of 
bad taste in the arrangement of colour that are now-a- 
days so common. Out of forty boys at a school at Ber- 
lin who were examined by Leebech, he found five who 
were quite confused in their notions of colour, and 
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could not distinguish between ordinary shades of the 
same hue. This affliction is in many cases hereditary, 
descending from father to son. It is singular that in- 
stances of colour-blindness are much more common 
amongst men than amongst women, for out of over five 
hundred cases there were only four in which females 
were the sufferers. It seems also that persons with 
grey eyes are more frequently colour-blind than those 
whose eyes are blue or brown. To the list of great 
men who were colour-blind, we must not forget to add 
the celebrated Italian historian, Sismondi. 

Physiologists consider that there are two kinds of 
colour-blindness, — one where only two colours are seen, 
the other where more than two are perceptible. Dau- 
beny Turberville, an oculist of Salisbury, mentions a 
case of the former, in which a young girl, like the Mary- 
port shoemaker mentioned by Brewster, could only dis- 
tinguish between black and white, everything between 
the two being of different shades of grey. This girl, sin- 
gularly enough, could see to read in twilight a quarter 
#f an hour after her companions. This sliarpness of sight 
appears to be not at all uncommon amongst those who 
are colour-blind. Spurzheim mentions the case of a 
whole family who were afflicted in the same way as 
Turberville's patient. All the male members of Trough- 
ton's family were equally incapable ot distinguishing any 
colours but blue and yellow. 

The cases of colour-blindness where more than two 
colours are distinguishable, are much more common. 
Goethe, the great German poet, who dabbled a great 
deal in optics, knew two young men who, although they 
possessed powerful sight, and could distinguish between 
white, black, grey, yellow, and orange, were at a loss 
when the shades between dark red and rose colour wer« 
in question. A piece of dried carmine appeared bright 
red to them, and a faint carmine hue on a white shell, 
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and a rose-leaf, light blue ; the leaves of trees and grass 
appeared yellow, and they confounded rose-colour, blue, 
and violet together. Goethe supposed them to be inca- 
pable of perceiving blue and its several hues, and called 
their defect by a high sounding Greek name, akyano- 
blepst/y or blue-blindness. P^clet mentions two other 
persons, also brothers, who likewise were incapable of 
distinguishing between blue, violet, and rose-colour. 
Like Professor Whewell, they confounded the dull scar- 
let of the trousers of the French infantry with the 
leaves of the trees. Yellow appeared to them more bril- 
liant than any other colour. Doctor Sommer and his 
brother could not distinguish between red and its deri- 
vatives and other colours; they could only distinguish 
between yellow, blue, white, and black. Doctor Ni- 
choll mentions a child that could only see red, yellow, 
and blue, in the spectrum. It could distinguish green, 
but called it brown when it was dark, and pink wnen it 
was pale. The same physiologist knew a man who 
called red green, and brown dark green. A young lady 
who was an amateur artist, could not perceive a piece of 
scarlet cloth hanging on a hedge that was close to her, 
although others could see it plainly half a mile off. One 
day she gathered, as a great curiosity, a lichen which 
she supposed to be of a bright scarlet hue, but which 
was in reality of a beautiful green. Another time she 
could see no difference between carmine and prussian 
blue. A gardener living at Clydesdale, who began life 
as a weaver, was compelled to give up his first trade be- 
cause in daylight he confounded all light colours ; yel- 
low and its varieties he could distinguish perfectly, but 
he was incapable of seeing any difference between red, 
blue, pink, brown, and white. Another man, who was a 
silk-weaver, had to change his trade, because he could 
not distinguish between red, pink, and sky blue. A 
Genevese artist whom circumstances compelled to paint 
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a portrait by candle-light, used yellow for pink in laying 
on his flesh tints, with a pleasing result that may be 
readily imagined. In fact, the instances of colour- 
blindness mentioned by physiological writers are almost 
innumerable, and I should only weary my readers if I 
related all the authentic cases of this singular affliction. 
One instance, however, which was very carefully ob- 
served by Wartmann, a distinguished German oculist, 
merits our attention. The afflicted person, whom Wart- 
mann speaks of as D., was thirty-three years old. Those 
of his brothers and sisters whose hair was fair suffered 
from the same infirmity, but those whose hair was dark 
were exenaptfrom it. Like so many others who are colour- 
blind, he could not distinguish between cherries and 
their leaves, and confounded a sea-green piece of paper 
with a scarlet ribbon placed near it. A rose of the 
ordinary hue appeared greenish-blue* Being anxious to 
see if reflected, refracted, and polarized light exercised 
a different action on his retina, Wartmann tried him first 
with the prismatic spectrum, but he could only distin- 
guish four colours, — blue, green, yellow, and red. He 
could distinguish perfectly the peculiar black lines seen 
crossing the spectrum in certain places, and known by 
the name of Fraunhofer's lines. He then placed in his 
hands thirty-seven pieces of differently coloured glass, 
but he could only distinguish four varieties. The colours 
produced by polarized light seemed to give the patient 
quite as much trouble as those produced in the ordinary 
way. Chocolate brown appeared reddish brown ; purple, 
dark blue ; and violet, a dirty blue. When colours were 
illuminated by sunlight, they seemed to him to be redder 
than usual, even green and blue appearing red. 

In considering cases of colour-blindness, it is very 
difficult not to be misled into using wrong terms, as ap- 
plied to colour, for wa have no possible means of know- 
ing what colour it is that is really seen by the patient. 
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Thus, for instance. Dr. Whewell could not distinguish 
between red and green. But what colour did he really 
see ? Did he see the leaves and cherries both red or 
both green, or was it some colour between the two that 
was impressed upon his retina ? Again, great care 
must be exercised in placing implicit reliance on the 
statement of persons who are colour-blind, for we must 
recollect that their only means of conveying the results 
of what they experience is by the use of an organ that 
is confessedly defective, and which is quite likelj to 
deceive them, and us too, without their being parties to 
the deception. 

The cause of colour-blindness is completely unknown ; 
philosophers and physiologists are still in the realms of 
hypothesis concerning this peculiar optical defect. As 
yet, the most careful observation has failed to detect 
any difference between the eyes of those who are colour- 
blind, and the eyes of ordinary persons, that could in 
any way account for this singular affection of the sense 
of sight. 
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CHAPTER VI. 

ILLUSIONS CAUSED BY LIGHT ITSBLP. 

When playing about the Christmas fire, children 
frequently amuse themselves by whirling round and 
round a piece of wood, one end of which they have 
previously lighted and blown out. In proportion aa 
the movement becomes more rapid, the path of the red- 
hot end becomes more and more connected, until at last 
a burning ring is formed, in every part of which the 
shining charcoal appears to be at the same time. The 
only way of accounting for this illusion is by supposing 
that the image formed by the burning stick upon the 
retina remains there for an appreciable period, the im- 
pression made by it at one part of its journey remain- 
ing until it returns to its former position. The power 
possessed by the retina of retaining impressions 
explains a large number of illusions of the same kind. 
The chord of a musical instrument, for instance, when 
struck, appears to occupy a longer space during the 
time it vibrates, than when it is at rest. A rapidly re* 
volving wheel appears almost solid on account of the 
combined images of the spokes seeming to unite into 
one homogeneous mass. 

The persistence of luminous impressions upon the 
retina has given rise to the invention of a number of 
well-known optical toys, amongst which may be 
mentioned the phenakistiscopey the thaumatropey the 
phantaaeopCy and many others. 
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The phenakistiscope may be described (figs. 3 and 4) 
as consistiDg of an iron pin a b turning easily on its 
axis, and passing through two holes in a brass rod t g^ 

bent twice at right angles. Attached 
to one end of \\iQ pin is a disc of card- 
board, divided into several equal sec- 
tors, and pierced near its circumference 
with as many similar sized rectangular 
holes (fig. 4.) In each sector the same 
scene is represented, with this differ- 
ence, that the movements of the objects 
are so arranged as to be progressive 
from one extreme to the other. The 
disc being fastened to the pin a b (fig. 3) 
by the screw v, with the figures facing 
outwards towards a, the whole ap- 
paratus is held before a looking-glass 
by the handle m. If the disc be now 
rotated by the button 6, and the eye 
placed opposite one of the square holes 
in the card, the figures on the disc will appear to move 
more or less quickly according to the rate at which it is 
rotated. The three bricklayers in fig. 4 will be seen 
to pass their bricks from one to the other with perfect 
regularity if the drawing has been made carefully. 
Numberless other designs may be made for this little 
instrument, such as a windmill in full sail, a man work- 
ing a pump, a conjurer swallowing knives — in fact, any 
scene with objects in motion may be drawn, and will 
cause infinite amusement for the long winter evenings. 
The time during which the impression of any object 
remains upon the retina appears to be in direct propor- 
tion to its brilliancy. For a burning coal it is stated 
to be about the tenth of a second; consequently, if the 
stick mentioned at the beginning of the chapter is 
rotated ten times in a second, a continuous luminous 
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ring will appear to be formed. That the time necessary 
for producing a distinct impression varies with the 
brilliancy of the object, may be readily guessed from 




Fio. 4.— Disc of the Phenaklstlscope. 

the fact that an electric spark is perfectly visible, 
although its duration can hardly be measured, while a 
cannon-ball in flight is only perceptible to the practised 
eye of the artilleryman, owing to its reflecting only a 
small quantity of very diffused light. 

The second instrument, the thaumatrope, is construct- 
ed on the same principle. It consists of a certain 
number of circular discs of card three or four inches 
across, which are capable of being turned on their axes 
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with great rapidity by means of the finger and thumb and 
a couple of silk threads fixed at opposite sides of their 
circumference, ^n each of these discs a design is 
painted, one half appearing on one side, and the other 
half on the other, in such a manner that the tiivo parts 
form a single picture. You may have, for instance. 
Harlequin on one side and Columbine on the other, but 
on turning the card you will see them together. The 
body of a Turk may be drawn on one side and his head 
on the other, and, by rotating the card, the head sud- 
denly finds a. pair of shoulders to fit it. A sentence 
may be divided in the same way, or the words, or even 
the letters, may be divided between the opposite sides 
of the card : in fact, like the phenakistiscope, the de- 
signs applicable to this little instrument are endless. 

The third of these instruments, the phantascope, is 
constructed in accordance with the peculiar power pos- 
sessed by the eyes of adapting themselves to the dis- 
tance of the objects they are looking at. Everybody 
piust have noticed that in order to see objects plainly 
that are placed at different distances we insensibly alter 
the position and focus of the eyes, and that, conse- 
quently, objects even in the same plane as those we are 
looking at are not perceived by us until something calls 
Oji^r attention to them, and causes us to alter the posi- 
tion and focus of our eyes and fix our gaze on them. 
For instance, in looking at a canary in a cage, we have 
but a confused idea of the wires, which we will suppose 
to be midway between the bird and the observer. But 
if anything attracts our attention to the wires we lose 
sight of the bird, or at any rate see it only as a con- 
fused mass. If this experiment is made with care, it 
will be perceived that the object seen confusedly is 
always double,— a fact that may be verified by inter- 
posing the finger between the eyes and any object. 
When we look at the finger, the distant object will seem 
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to be doubled ; if we look at the object, it is the finger 
that undergoes duplication. 

We know by experience that when we look at an ob- 
ject and press one of the eyeballs slightly with the 
finger, the image of it becomes doubled. The explana- 
tion of this phenomenon is not very easy, but it is gen- 
erally supposed that in the case of ordinary vision the 
two eyes produce the sensation of a single image in 
consequence of the two impressions being formed at 
corresponding parts of each retina, and that habit 
causes us to see only a single object in such a case. 
But when the eyes are so disposed as to be capable 
of seeing distant objects distinctly, the two images 
formed by a near object are no longer found in the cor- 
responding portions of each retina, and so produce the 
sensation of double vision. The same thing happens 
when either of the eyes is momentarily displaced. 

These phenomena have given rise to the construction 
of a very simple instrument, the phantascope, with 
which many interesting experiments may be performed, 
and which was invented some years since by Dr. Lake, 
an eminent physician of New York. 

In the middle of one of the edges of a thin piece of 
wood, say six inches or a foot in length, which serves 
as a base for the instrument, is fixed a rod fourteen or 
sixteen inches long, upon which slide a couple of fer- 
ules capable of being fixed at any height by means of 
thumb-screws. Each of these ferules holds a piece of 
cardboard five or six inches long, and of any conve- 
nient breadth, in a horizontal position. The upper card is 
pierced in a longitudinal direction with a slit rather less 
than a quarter of an inch broad, and about three inches 
long ; that is to say, a little wider than the distance be- 
tween the centres of two eyes. The second card has a 
similar slit of the same length, and corresponding ver- 
tically with the one above it ; the width, however, in 
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this instance being only about the eighth of an inch. In 
addition, the lower card should be marked with a fine 
line drawn across the centre, which we shall call the in- 
dex. 

Things being thus arranged, if we place two similar 
objects — two A*s, for instance — upon the wooden stage 
of the instrument, about three inches apart, and look 
at them through the two slits, we shall see them as un- 
der ordinary circumstances ; but on fixing our eyes in- 
tently on the index of the lower card, and gradually 
raising it, we shall see the two A's become double, the 
two images of each letter separating themselves more 
and more the nearer the lower card approaches the up- 
per one, until the last two of the images will coalesce, 
and appear to be placed on the lower cardboard, the 
other two remaining in their proper place. The eyes 
must be kept firmly fixed upon the index, otherwise the 
illusion disappears immediately, and two A's only are 
seen in their true position on the base of the instrument. 
This is an instance of the production of an image in a 
place where it certainly does not exist. This illusion 
is seen best when the upper screen is about ten inches 
from the object, the lower screen being just half-way 
between ; but, as in most of these cases, the distances 
will differ according to the focus of the observer's eyes. 
The proper distances once being found, the experiment 
may be varied in a hundred different ways. For ex- 
ample, instead of two letters and a line we may have 
two flowers on the stage, and the figure of a flower-pot 
on the intermediate screen. If the two flowers are 
painted different colours, they will unite and form a 
mixed tint. Thus a red and yellow flower will give an 
orange image, a blue and yellow a green image, and so 
on. A perpendicular stroke and a horizontal one will 
give a cross. A few experiments with this little instru- 
ment will throw a light upon many of the obscurer 
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points that exist amongst the phenomena of vision, and 
will show conclusively that the two eyes rarely see in 
the same manner, and that it is sometimes one, and 
sometimes the other, that sees most distinctly. A 
couple of pieces of cardboard, pierced with suitable 
slits and held in the hand may be substituted for the 
apparatus above described, but of course they will be 
much more difficult to use, and will give less satisfac- 
tory results. 
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CHAPTER VII. 

I 

THE INFLUENCE OF THE IMAGINATION. 

The above facts show plainly that optical illusions 
find their source in the very mechanism of the organs 
of sight, and that without going farther than the eye 
itself we may discover numberless examples of these 
phenomena. We shall presently bring before our read- 
ers the innumerable means devised by art for deceiving 
the sense of sight and impressing us with sensations that 
are purely imaginary. But before describing these nu- 
merous pieces of apparatus we must still remain for a 
short time within the domain of man's faculties, and de- 
scribe some of the illusions that we are subjected to by 
those powers of the imagination that are supposed to 
hold in check the five senses of the body. Our imagi- 
nation, however, plays us as many tricks as our eyes, 
and, like them, is alternately false and true. Touch, 
taste, smell, hearing, and sight, are all supposed to be 
under its powerful influence for good or evil; but they 
are all deceived by it in turn, more especially the sense 
of sight, which we generally boast of as being the most 
trustworthy of them all. Were we to describe all the 
labyrinths into which our imagination is continually 
leading us, we might easily extend this little volume to 
one of treble the size. But our purpose is not so much 
to write a history of all the hallucinations to which the 
imagination is subject, but to cull from those already 
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existing the most interesting instances in which this 
great faculty is alternately the victim and the tyrant of 
the sense of sight. 

Amongst many works on this subject we may cite that 
of Briere de Boismont on *' Hallucinations, Apparitions, 
Visions, &c.," from which we shall draw largely in the 
following pages. The examples we shall give will be 
those only in which the victims of the hallucination were 
in the full enjoyment of their mental faculties, and could 
healthily analyze the sensations and impressions to which 
they were subjected. 

One of the first of these bears upon thoae diseases of 
the eye to which allusion was made in Chapter IV. 
Towards the end of 1833, a poor washerwoman who was 
tormented grievously with rheumatic pains gave up her 
business, and took to sewing for her livelihood. Being 
but little accustomed to this kind of work, she was com- 
pelled to sit over her needle late at night in order to save 
herself from starving. The unwonted strain upon the 
eyes soon brought on ophthalmia, which speedily became 
chronic. Nevertheless, she continued her work, and 
fell a prey to diplopia^ or double sight in each eye. 
Instead of a single needle and thread, she saw four con- 
tinually at work, everything else about her being simi- 
larly multiplied. At first she took no notice of the sin- 
gular illusion, but at last both imagination and sight 
joined arms against the judgment, and the poor crea- 
ture imagined that Providence had taken pity on her 
forlorn condition, and had worked a miracle in her 
favour by bestowing on her four pair of hands in 
order that she might do four times her usual amount of 
work. 

The following is another instance of the passage of 
illusion into hallucination. A man fifty-two years old, 
of a plethoric constitution, after having suffered from a 
defect in his visual functions that caused him to see ob- 
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jects sometimes double, and at others upside down, sud- 
denly showed signs of cerebral congestion, and threat- 
ened apoplexy. By proper treatment, however, he was 
saved for a time from the latter catastrophe, but he be- 
came permanently afflicted with strabismus, or squint- 
ing, and he suffered from a singular hallucination. His 
eyelids would contract, and his eyeballs would roll from 
side to side at more or less distant intervals. On these 
occasions he imagined he saw the figures of different 
persons that he knew moving about, and would even 
follow them outside his door into the other rooms of the 
house. He was perfectly aware that these appearances 
were merely the effect of the imagination, but this did 
not in any way detract from their appearance of reality. 
The man afterwards died from an attack of apoplexy. 

The following examples are also cases of singular 
optical deception, some of them being so extraordinary 
as to trench upon the supernatural, and in the days of 
ignorance would have given those who were their vic- 
tims the character of unearthly personages. 

A certain English painter, who in some sort inheri- 
ted the palette of Sir Joshua Reynolds, and believed 
himself superior in many respects to the great master, 
used to boast that in one year he painted over three 
hundred portraits, large and small. This fact seemed 
to Wigan a physical impossibility, and he questioned 
him closely as to the secret of his astonishing rapidity 
of execution, for he never required more than one sit- 
ting from his patrons. Wigan states that he saw him 
paint a miniature of a well-known personage in eight 
hours, which was incomparable in its fidelity to nature 
and finished execution. Wigan asked him to give him 
some details of the method he adopted, and he gave him 
the following answer : " When a sitter presents himself, 
I look at him attentively for half an hour, sketching 
the outlines of his features on my canvass during the 
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time. I have no occasion for a longer sitting, and I 
pass on to some one else. When I wish to continue 
the first portrait, I take the sitter in my imagination, 
and I seat him in the chair, where I see him as dis- 
tinctly as if he were really there, and I can even 
heighten a tint, or soften down a clumsy form at will, 
without altering the likeness. I look from time to time 
at the imaginary figure, and I go on painting. I stop 
now and then to examine his position, absolutely as if 
the original were before me ; for every time 1 look 
towards the chair I see the sitter. This method of pro- 
ceeding has rendered me very popular ; and as I have 
always succeeded in catching the likeness of my pa- 
trons, they have been simply enchanted at my sparing 
them the tedious sittings exacted by other painters. 
Little by little I have begun to lose the distinction be- 
tween the real and imaginary sitter, and I have often 
maintained stoutly that my patrons had already sat to 
me on the previous day. At last I became convinced 
that it was the real sitters that I saw, and thenceforth 
all became confusion. I suppose my friends took alarm 
at my hallucinations, for I remember nothing of what 
happened during the thirty years that I remained in the 
madhouse. This long period has left no trace on my 
memory, except indeed the last six months of my con- 
finement. It seems to me, however, that when my 
friends talk of having visited me I have some vague re- 
collection of the fact ; but it is a subject that I do not 
care to pursue." 

The most remarkable feature of the case is, that this 
artist after a lapse of thirty years resumed his pencil, 
and painted almost as well as when he was forced by 
madness to abandon his art. 

This faculty of being able to evoke shadows, with 
which to people one's solitude, may be carried so far as 
to transform real persons into phantoms. Hyacinth 
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Langlois, a distinguished artist, living at Rouen, tells 
us that Talma, with whom he was extremely intimate, 
confided to him that, whenever he went upon the stage, 
he had the power, by mere force of will, to cause the 
clothes and flesh of his numerous auditory to disappear, 
and become transformed from living beings into so many 
skeletons. When his imagination had peopled the house 
with these singular phantoms, the emotion he felt was 
so great that it gave his dramatic powers still greater 
force, and enabled him to produce the wonderful effects 
that have made his name so famous. 

Wigan says, that he once knew a most intelligent and 
amiable man, who could at will evoke his own image. 
He often laughed at seeing his second self standing be- 
fore him, the phantom appearing to laugh as heartily as 
himself. This illusion was for a long time a matter of 
amusement to him, but at last he became persuaded 
that he was haunted by his own double. His second 
self appeared to hold arguments with him continually, 
and beat him frequently on various points of dispute, a 
matter which mortified him excessively, as he was rather 
proud of his powers of reasoning. This gentleman, 
although always considered as being somewhat eccen- 
tric, was never put under the slightest restraint, and at 
last the creature of his imagination so tormented him, 
that he resolved not to live through another year. He 
consequently paid all his debts, arranged his affairs, and 
waited pistol in hand until the clock struck twelve on 
the 31st of December, and then deliberately blew out 
his brains. 

In Abercromhy on the Mind we read an account of 
the observations made by a gentleman who was the vic- 
tim of illusions during the whole of a pretty long life. 
If he met a friend in the street, he was unable to tell 
at first whether he saw a real human being or only a 
phantom. By close examination he could detect a dif- 
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ference between the real person and the creature of his 
imagination, the features of the former being sharper 
and more defined than those of the phantom ; but in 
general he was obliged to test the reality of the figure 
he saw by the senses of touch and hearing. He was 
able, by concentrating his thoughts upon the appear- 
ance of any friend, to call up his image ; a power which 
extended even to scenes that he had witnessed. Although 
he could produce these hallucinations at will, he was 
powerless in making them disappear; and when once 
he succeeded in calling forth these creatures of his ima- 
gination, he never could tell how long the delusion 
would last. This gentleman was in the prime of life, a 
good man of business, and otherwise in a perfect state 
of mental and bodily health. A member of his family 
possessed the same faculty, but in a minor degree. 

In 1806, General Bapp, when returning from the 
siege of Dantzic, having occasion to speak to the Em- 
peror Napoleon, walked into his private room without 
being announced, and found him in such a profound 
state of abstraction, that he remained for some time 
unperceived by his imperial master. The General, see- 
ing him thus perfectly motionless, fancied he must be 
ill, and purposely made a slight noise. Napoleon in- 
stantly turned his head, seizea the General by the arm^ 
and pointing upwards, exclaimed, " Do you see it up 
there?" The General, hardly knowing what to say, 
remained silent ; but the Emperor repeated his ques- 
tion, and he was obliged to reply, that he saw nothing. 
"What," said the Emperor, "you don't see anything? 
You don't see my star shining before your eyes V* And 
becoming more and more animated, he went on to say, 
that the mysterious visitor had never abandoned him, 
that he saw it throughout all his great battles, that it 
always led him onward, and that he was never happy 
but when he was gazing at it. 
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That such hallucinations have no real existence as far 
as the eye goes, is proved by the fact of many people 
who have lost their sight, being subject to them. It is 
hardly to be wondered at that those who by accident 
have been deprived of their sight, should wish so 
ardently to see once more the persons and sights they 
have taken pleasure in, that they should at last create 
for themselves illusions of this character. The same 
thing has frequently occurred with those whose sight is 
more or less weak. An old man of eighty, who was 
purblind, nev^r sat down to a table during the last 
years of his life, without seeing around him a number 
of his friends who had long been dead, dressed in the 
costume of fifty years before. This old man had but 
one eye, which was extremely weak, and wore a pair of 
green preservers, in the glass of which he continually 
saw his own face reflected. 

Doctor Dewar, of Stirling, mentioned to Abercromby 
a very remarkable instance of this species of hallucina- 
tion. The patient, who was quite blind, never walked 
in the street without seeing a little old woman hobbling 
on before him and leaning on a stick. This apparition 
always disappeared when he entered his house. 

Similar illusions frequently happen to every one, even 
the most healthy amongst us, but a little consideration 
soon puts them to flight. It would be useless to men- 
tion the numberless cases in which a square tower has 
appeared round, or where the landscape has suddenly 
seemed to recede from the sight. Such illusions as 
these have been long well known, and appreciated at 
their proper value ; but there are others whose true 
cause has remained a mystery, until explained by the 
progress of science, such as the Spectre of theBrocken, 
the Fata Morgana, and the mirage. 

Analogous appearances have been seen in Westmore^ 
land and other mountainous districts, the inhabitants 
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imagining that the air was full of troops of cavalry, and 
whole armies even ; such illasions resulting simply from 
the shadows of men and horses passing over an oppo- 
site mountain being thrown on the fog. 

A vast number of different circumstances give rise tor 
these illusions, such as a strong impression, or the re- 
collection of some striking event, which may easily 
cause them, by the association of ideas. Wigan relates, 
that being at a soiree held at the house of M. Bellart, 
a few days after the execution of Marshal Ney, the 
groom of the chamber, instead of calling out the name 
of M. Marichal atnS (M. Mardchal, senior), announced 
the arrival of M. le Marechal Ney. A shudder passed 
through the company, and many of them declared, that 
for an instant they saw the face and figure of the dead 
man in place of those of his involuntary representative. 

When the mind is thus prepared, the most familiar 
objects are transformed into phantoms. Ellis relates 
an anecdote of this kind, which he heard from an eye- 
witness, who was a ship's captain of Newcastle- on-Tyne. 
During a voyage that he made, the ship's cook died. 
Some days after the funeral, the chief mate came run- 
ning to him in a great fright, with the news that the 
ship's cook was walking on the water, astern of the 
vessel, and that all the crew were on deck looking at 
him. The captain, who was angry at being disturbed 
with so nonsensical a tale, answered sharply, that they 
had better put the ship about and race the ghost to 
Newcastle. His curiosity, however, was presently 
aroused, and he went upon deck and looked at the spec- 
tre. He frankly avowed that for some moments he saw 
what really appeared to be his old shipmate, just as he 
knew him in life, with his walk, clothes, cap and figure 
perfectly resembling those of the dead man. The panic 
became general, and every one was struck motionless 
for a time. He had the presence of mind, however, to 
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seize the helm and put the ship about, when as they 
neared the ghost, they found the absurd cause of their 
fright was a broken mast from some wreck, which was 
floating after them in an upright position. If the cap- 
tain had not boldly sailed up to the supposed ghost, the 
story of the dead cook walking upon the water woold 
have continued to this day to terrify half the good in- 
habitants of Newcastle. 

Such facts as these are innumerable, and we shall 
mention a few more which will explain a host of stories 
found in various ancient and modern authors. 

Ajax was so angry at the arms of Achilles being 
awarded to Ulysses, that he became furious, and, seeiiig 
a herd of pigs, drew his sword and fell upon them, 
taking them for Greeks. He next seized a couple of 
them and beat them cruelly, loading them at the same 
time with insults, imagining one of them to be Aga- 
memnon, his judge, and the other Ulysses, his enemy. 
When he came to himself, he was so ashamed at what 
he had done, that he stabbed himself with his sword. 

Theodoric, blinded by jealousy and yielding to the 
base solicitations of his courtiers, ordered that Symma- 
chus, one of the most upright men of his time, should 
be put to death. The cruel order had hardly been ex- 
ecuted, when the king was seized with remorse, and 
bitterly reproached himself with his Crime. One day a 
new kind of fish was put upon the table, when the king 
suddenly cried out that he saw in the head of the fish 
the absolute resemblance of that of his victim. This 
vision had the effect of plunging the king into a state 
of melancholy that lasted his whole life. 

Bessus once, when surrounded by his guests and giv- 
ing himself up to the enjoyment of the feast, ceased 
suddenly to listen to the flattering speeches of his cour- 
tiers. He apparently listened with great attention to 
some sound that was heard by no one else, and suddenly 
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leaping from his couch, mad with rage, he seized his 
sword and rushing at a swallow's nest that was near, 
beat it down, killing the poor birds inside it, crying out 
that these insolent birds dared to reproach him with the 
murder of his father. Surprised at such a sight, his 
courtiers gradually disappeared, and it became known 
some time afterwards that Bessus was really guilty, and 
that the senseless action he had performea simply re- 
sulted from the voice of conscience. 

The illusions of sight and hearing are often found to 
take an epidemic form, and historians relate an immense 
number of anecdotes bearing on this particular phase of 
self-delusion. One of the commonest of them is that 
which transforms the clouds into armies and figures of 
all kinds. Religious prejudices, optical phenomena, 
physical laws that are still unknown, dangerous fevers, 
derangements of the brain, afford a natural explanation 
of these hallucinations. 

We have borrowed most of these examples from 
Brifere de Boismont's works, for the special purpose of 
showing how easy it is to deceive the imagination, and 
to demonstrate the facility with which the sense of sight 
is led astray without the intervention of complicated 
apparatus. In addition, we may quote instances from 
Brewster, showing the ease with which the imagination 
enables us to see distinct forms in a confused mass of 
flames, or in a number of shadows superposed upon each 
other. This great philosopher gives us an anecdote of 
Peter Heamann, a Swedish pirate and murderer. One 
day that his crew were repairing some unimportant 
portion of the ship, after having pitched the place well 
he took the brush in order to tar the other parts of 
the vessel, which were much in want of such treatment ; 
but as soon as he spread the pitch over the timbers of 
the ship, he was thunderstruck at seeing apparently 
reflected in its shining surface the image of a gallows 
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with a headless man beneath. The head belonging to 
the body was lying before it, and the body itself was 
depicted with every limb — ^legs, thighs, and arms — 
perfect. He frequently told his crew of these illusions, 
adding that it was evidently a prediction of the fate in 
store for them. He was often in such a state of terror, 
that on calm days he would drop down into the hold 
and wrap himself up in a spare sail in order not to 
catch sight of the horrible image that he constantly saw 
in the shining surface of the tar. 

The imagination really seems to create for itself a sort 
of mental visual organ which is in intimate relation 
with that of the body, and which often takes its place 
so efficiently — as in the case of dreams — that the mind 
is utterly unable to perceive the substitution. It is on 
account of this that practical opticians are so unsparing 
in their endeavours to predispose their spectators to 
being deceived. 

When both the body and mind are healthy, the re- 
lative intensity of the two kinds of impressions is very 
unequally divided, mental images being more evanescent 
and comparatively weak, and with persons of ordinary 
temperament incapable of effacing or disturbing the 
reflections of visible objects. The affairs of 'life could 
not go on if the memory introduced amongst them bril- 
liant representations of the past in the midst of ordinary 
domestic scenes or the objects familiar to us. We may 
account for this by supposing that the set of nerves 
which carries the efforts of the memory to the brain 
cannot execute their functions at the same time as those 
which take cognizance of the images reflected on the 
retina. In other words, the mind cannot accomplish 
two separate functions at one and the same time, and 
the mere act of directing the attention to one class of 
subjects causes all others to become instantly imper- 
ceptible. The exercise of the mind in these instances is, 
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however, so rapid that the alternate appearance and 
disappearance of the two different impressions is com- 
pletely unnoticed. Thus, for instance, while looking at 
the dome of St. Paul's, if our memory suddenly evokes 
the image of some other object, Mont Blanc for instance, 
the picture of the cathedral, although still depicted on 
our retina, is momentarily effaced by the effort of the 
wilt althougL we may not change the position of our 
eyes during the time. While the memory continues 
to dwell on t£e picture it has called up, it is seen 
with sufficient distinctness, although its details may 
be somewhat misty and its colours confused; but as 
soon as the wish to see it passes away the whole 
disappears, and the cathedral is seen in all its former 
distinctness. 

In darkness and solitude, when surrounding objects 
produce no images that can interfere with those of the 
mind, these latter are more lively and distinct : and 
when in addition we are half asleep and half awake, 
the intensity of mental impressions approaches that of 
visible objects. In the case of persons of studious 
habits who are continually employed in mental effort, 
these images are more distinct than with those who 
follow the ordinary avocations of life, and during their 
working hours rarely see the objects round them. The 
earnest thinker, absorbed by meditation, is in a manner 
deprived for the time of the use of his senses. His 
children and servants pass in and out of his study 
without his seeing them, they speak to him without 
his hearing them and they may even try to rouse 
him from his reverie without success ; and yet his 
eyes, ears, and nerves received the impression of light, 
sound, and touch. In such instances, the mind of the 
philosopher is voluntarily occupied in following out an 
idea which interests him profoundly; but even the most 
unlearned and thoughtless of us sees the images of dead 
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or absent friends with his mind's eye, or even fantastic 
figures which have nothing to do with the train of 
thought he may be pursuing. It is with these involun- 
tary apparitions as with spectres of the imagination : 
although they are intimately connected with some 
thought that has passed through our mind unperceived, 
it is impossible to trace a single link of the chain con- 
necting them together. 



WHAT IS LIGHT? 73 



PARTlL 

THE LAWS OF LIGHT. 



CHAPTER I. 

WHAT IS LIGHT? 

EvBRTBOBY knows the eJTects of the action of light, 
without, however, understanding precisely what consti- 
tutes light itself. Any formal definition would rather 
puzzle than help the student ; we must therefore con- 
tent ourselves with saying that light is that effect of 
force which causes us to perceive external objects. 

A man who was blind from his birth, and upon whom 
the operation for cataract had been successfully per- 
formed, had accustomed himself for a long time to ima- 
gine the nature of those unknown phenomena that his 
affliction had prevented him from observing. He had 
arranged in his mind the various definitions that had 
been given to him as to the nature of light, and having 
combined them, he fancied he had acquired some notion 
of what the sense of vision really meant. But what 
was the astonishment of the surgeon who had restored 
to him his fifth sense, when he asked him to give his 
opinion upon the effects of light, to see him take up a 
lump of sugar and reply that it was under that form 
that he had imagined it to himself. 
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As for us who have the happiness of possessing the 
sense- of sight, we know this mysterious agent more by 
the enjoyment that we have derived from it, than from 
any analysis we have made of its nature. It is an end* 
less chain that connects us with the entire universe ; a 
bond that laughs at distance and spans the abysses of 
space. By means of light we can appreciate the beau- 
ties of hue and form, and by its power we touch as it 
were the inaccessible. It constitutes the most intimate 
connexion between ourselves and external objects — a 
connexion that seems even to alter our temper, disposi- 
tion, and character, according to the variations of its 
intensity. The dull and foggy days of winter, those 
days when sleet and rain struggle in the atmosphere, 
sp];ead like a veil over us, and throw a shadow upon 
our life. The return of the bright spring sun, the re- 
appearance of light and blue sky, on. the contrary, open 
up our hearts and minds, gay nature enchants us once 
more, and a feeling of fresh happiness prepares us for 
the coming glories of the newly risen year. 

This intimate connexion between the light of heaven 
and the human mind, hallowed as it is by our desire to 
rise towards the Source of all light, might be made the 
subject of many eloquent pages ; and it would be an 
interesting and useful task to show the gradual pro- 
gress of mankind from those ancient people who trem- 
bled at the approach of darkness, and who fervently 
saluted the dawn with prayers and praises, down to the 
philosophers of the present age, who investigate its 
effects with so much reverential joy. But we must 
cease paying any more attention to the superficial ac- 
tion of this marvellous force which in these latter days 
has become, in the hands of man, the source of so 
many illusions and the origin of a complete world of 
rich and brilliant pictures, but which after all only exist 
in the imagination. 
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It was believed for a long time that light was a com- 
pact mass of tiny particles emitted by luminous bodies, 
which struck our eyes and so produced the phenomenon 
of vision. These particles or molecules were naturally 
thought to be extremely minute, and the objects illu- 
minated by them were supposed to throw them off as 
if they were endowed with elasticity. Under this hy- 
pothesis, light was a material body. The illustrious 
NewtoQ was the first propagator of this theory ; the 
last wasM. Blot,- a French philosopher, lately dead. 

The undulatory theory has now-a-days completely 
superseded the corpuscular hypothesis. It was first 
started about the year 1660 by the Dutch philosopher 
Huyghens, who has left behind him numerous treatises 
on optics, and the properties of light, as well as a curi- 
ous account of the inhabitants of the other members of 
the solar system, including a minute description of the 
various planetary manners and customs. At the begin- 
ning of the present century, Fresnel showed, by the 
most brilliant discoveries the superiority of this theory, 
and shortly after Arago confirmed him in his demon- 
strations. According to the undulatory hypothesis, 
light is not a mass of molecules emitted by a luminous 
body, but simply the vibration of an elastic fluid which 
is conceived to fill the whole of space. A comparative 
example may assist you in understanding this theory 
more clearly. If you throw a stone into a smooth 
piece of water, there will form around the point where 
the stone fell, a series of circular undulations, starting 
from the centre and gradually enlarging themselves. 
If a loud noise is suddenly heard, the same effect is 
produced round the point from whence the sound pro- 
ceeds. A series of waves are formed which spread not 
only horizontally, as on the surface of the water dis- 
turbed by the stone, but in every direction. In fact, 
in the case of sounds, the waves are so many gradually 
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increasing spheres. In the case of light, when a lumi- 
nous body is placed in space, the ether which surrounds 
it is thrown into a state of vibration, and the motion is 
immediately propagated in all directions, with extreme 
velocity. It is these undulations that produce upon our 
eyes the sensation of light. We may therefore say that 
light, like sound, is movement, while darkness, like si- 
lence, is absolute rest. 

Many people still believe that light is propagated in- 
stantaneously, and cannot bring themselves to imagine 
that we do not see a flame the moment we light it, but 
only an instant after. I have myself spoken to well- 
educated people possessed of good judgment and a cer- 
tain amount of elementary knowledge, who could never 
bring themselves to believe that we see the stars, not as 
they now exist, but as they appeared at the particular 
moment when the luminous wave by which we are ena- 
bled to perceive them left their surface, and which only 
reaches us after travelling through space a certain num- 
ber of years, days, or hours, according to their dista^ice. 
It is extremely useful and interesting to form a correct 
idea upon the way in which light is propagated. 

The determination of the prodigious quickness with 
which the waves of light move through space, says 
Arago, is undoubtedly one of the happiest results of 
modern astronomy. The ancients believed that it moved 
with infinite velocity, and their view of the subject was 
not, like so many of the questions relating to physics, a 
mere opinion without proof ; for Aristotle, in mention- 
ing it, brings forward the apparently instantaneous 
transmission of daylight. This notion was disputed by 
Alhazen, in his Treatise on Opties^ but only by meta- 
physical weapons, which were again opposed by several 
very worthless arguments, by his commentator. Porta, 
although he admitted the immateriality of light. Galileo 
seems to have been the first amongst modern philoso- 
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phers who endeavoured to determine the velocity of 
light by experiment. In the first of his dialogues, JDelle 
Scienze Nuove, he announces by the mouth of Salviati^ 
one of the speakers present, the ingenious means he 
had employed, and which he thought quite sufficient to 
solve the question. Two observers with lights were 
placed at the distance of one mile from each other ; one 
of them extinguished his light, and the other as soon as 
he perceived it extinguished his. But as the first ob- 
server saw the second light disappear the instant he 
had extinguished his own, Galileo concluded that light 
was propagated instantaneously through a distance dou- 
ble that which separated the two observers. Certain 
analogous experiments that were made by the members 
of the Academy Del CimentOy but at three times the 
distance, led to precisely the same conclusions. 

These attempted proofs seem at first sight to be ab- 
surd, when we think of the vastness of the problem to 
be solved ; but we must judge these experiments with 
less severity, when we consider that almost at the same 
epoch, men of such well-deserved repute as Lord Bacon 
believed that the velocity of light, like that of sound, 
was sensibly altered by the force and direction of the 
wind. 

Descartes, whose theories upon light had so much 
analogy with those known under the name of the undu- 
latory hypothesis, believed that light was transmitted 
instantaneously throughout any distance, and endea- 
vours to prove his position by proofs that he thought he 
had obtained whilst observing an eclipse of the moon. 
It must be acknowledged, however, that his very inge- 
nious train of reasoning proves that whether the trans- 
mission of light is instantaneous or not, it is at least too 
considerable to be determined by experiments made on 
the earth, like those of Galileo, and which he v ainly 
hoped would have solved the question. 
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The frequent occultations of the first satellite of Ju- 
piter, the discovery of which was almost consequent 
upon that of lenses, furnished Bomer with the first 
means of demonstrating that light was propagated by 
perceptible degrees. 

In tracing out the history of human knowledge, says 
Dr. Lardner, we have frequently to point out with some 
little surprise, joined to a feeling of profound humility, 
the important part played by chance in the advancement 
of science. In searching zealously after mere trifles 
which, when found, are of no consequence, we frequently 
lay our hands on inestimable treasures. The frequency 
of this fact impresses the mind with the notion that some 
secret and unceasing power exists, in accordance with 
which human knowledge and science are continually 

{regressing. It is in physical, as in moral philosophy, 
n our ignorance — like the dog mentioned by ^sop, 
which, seeing in the water the reflection of the prey it 
held in its mouth, dropped the substance and tried to 
seize the shadow — we are continually searching after 
trifles ; but, more fortunate than the animal of whom 
we have been speaking, the shadow that we try to seize 
is often transformed into a rich treasure. We can say 
with every confidence that "the Providence which 
shapes our ends," knows our wants better than we do 
ourselves, and bestows on us .the things we ought to have 
asked for instead of those we have asked for. We shall 
find a very simple proof of this in the history of the 
discovery of the velocity of light. 

A short time after the invention of the telescope and 
the consequent discovery of Jupiter's satellites, Romer, 
a celebrated Danish astronomer, was engaged in a se- 
ries of observations, the object of which was to deter- 
mine the time which one of these bodies took to revolve 
round its planet. The method employed by Romer was 
to observe the successive occultations of the satellite, 
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and to notice the interval that elapsed between each of 
them. But it at last happened that the interval be- 
tween the two occultations, which was about forty-five 
hours, became prolonged by periods of 8, 18, and 16 
minutes, during that half of the year when the earth 
was receding from the planet, while it became propor- 
tionally cut short during the rest of the year. Bomer 
was struck by a happy idea; he inspected instantly 
that the moment when he remarked the disappearance 
of the satellite was not always coincident with the in- 
stant when it really took place, but that it sometimes 
appeared to happen later — that is to say, after an in- 
terval of time sufficiently long to allow the light that 
had left the satellite immediately after its disappear- 
ance, to reach the eye of the observer. Hence it be- 
came evident that the farther ofiF the earth was from the 
satellite, the longer was the interval of time between its 
disappearance and that of the arrival of the last portions 
of its light upon the earth ; but that the moment of the 
disappearance of the satellite is that of the commence- 
ment of the occultation, and that the moment of the 
arrival of the last portions of light is that when the 
commencement of the occultation is observed. 

It was thus that Bomer explained the difierence be- 
tween the calculated and observed time of the occulta- 
tion, and he saw that he was on the threshold of a 
great discovery. In a word, he saw that light propa- 
gated itself through space with a certain velocity, and 
that the fact we have just mentioned furnished tne pre- 
cise means of measuring it. 

Thus the occultation of the satellite was retarded one 
second for every 185,000 miles that the earth is 
distant from Jupiter ; the reason being, that a ray of 
light takes a second to travel this distance, or, in other 
words, because the velocity .of light is at the rate of 
185,000 miles per second. 
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It must be remembered when considering this sub- 
ject, that in any system of undulations or vibrations, no 
matter through what medium they are propagated, their 
movement is simply a change of form, and not a trans- 
mission of matter. The waves which spread round a 
central point when a stone is thrown into the water, 
give one the idea that the water which forms the wave 
really moves towards the observer. But it is not so, as 
may be readily proved by placing on the surface a float- 
ing body, which we shall find is but little, if at all, influ- 
enced by the undulations of the water. The appearance 
of rolling waves given on the stage by means of a painted 
cloth, to which an undulatory motion is given, isanin-^ 
stance of this apparent movement. In the case of the 
floating body, which would follow the movements of the 
water, we shall find that wave after wave rolls to the 
shore, in the same way as the painted marks on the 
imitation sea keep their place, although the cloth itself 
undulates. The waves of the sea even appear to the eye 
to be endowed with a progressive motion, but an instant's 
observation will convince us of our error; for if such 
were the case, every object floating on the ocean would 
be gradually carried on shore. A vessel floating on the 
waves is not carried along by them, at least not until it 
reaches within a few yards of the shore, where the 
water is really in piotion ; but out in the open sea a 
floating body will alternately rise on their crests, and 
fall into the valleys that separate them. The same 
effect may be observed with any object floating on the 
water. If, however, in addition to being in a state of 
undulation the sea is really in motion from the effects 
of a current, or from any other cause, the floating 
object will of course be carried along by it — in fact, the 
two movements are quite independent of each other, 
and may take place in similar or contrary directions. 
It is very important that we should be able to distin- 



WHAT IS LIGHT? 81 

guish at an earlj period the exact difference between 
true movement and mere undulation ; and we must re- 
member that although the waves of light are propa- 
gated at the rate of 185,000 miles a second, still there 
is no transmission of any material substance at this 
marvellous rate. The same observation applies to 
sonorous vibrations transmitted through the air. 

Thus we are constrained to admit peaceably the truth 
of the undulatory hypothesis as compared with the cor- 
puscular theorv. I say peaceably^ because I am forcibly 
reminded by the contrast I have made between the two 
theories of an anecdote related of one of the greatest 
monsters who ever walked this earth, but who was after- 
wards struck down in the midst of his power by the 
hand of a weak girl. I allude to the infamous Marat, 
who one day presented himself at the house of Dr. 
Charles, a celebrated natural philosopher, of the time of 
the first French Republic, in order to advance certain 
notions of his own against the optical principles that 
Newton has left behind in his Principia, and other 
works — also, to oppose certain theories connected with 
electrical science. Dr. Charles, who did not approve of 
Marat's wild notions, undertook to convince him of his 
errors. But instead of discussing the matter peaceably, 
Marat allowed himself to be carried away by his temper, 
which was naturally very violent. Every argument ad- 
vanced by his antagonist seemed to increase his rage, 
until at last he lost all% control over himself, drew his 
small sword, and rushed upon his opponent. The doctor, 
who was unarmed, had to exercise all his powers to pre- 
vent himself from being wounded, and being much more 
stoutly built than Marat, he at last succeeded in throwing 
him down, and wresting his sword from him, which he 
immediately took care to break. Whether it was the 
violence of the fall, the shame he felt at being doubly 
beaten, or the effects of his fit of passion, does not 
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appear, but Marat fainted. Assistance was called, and 
he was carried home to his house, his offence against all 
the laws of propriety being forgiven by his more talented 
and better-tempered adversary. 

There are many persons, no doubt, whom we should 
astonish, and possibly enrage, by asserting positively 
that we could cause darkness by means of light, that 
silence could be produced by sound, or cold by heat. 
These are daring paradoxes, and at first sight appear 
almost as reasonable as that of Anaxagoras, a Greek 
philosopher, who asserted that snow was black. But as 
I hope that most of my readers do not possess the 
passionate temper of the French tribune, I will confide 
to them a little secret that will make these paradoxes 
plain. It is called by natural philosophers the theory 
of interference. 

The experiments connected with this subject are 
exceedingly difficult to perform, and require ^e aid of 
apparatus far beyond the reach of the orclinary student. 
It is a case where theory and description are much easier 
than practice. 

If a ray of electric light is thrown upon a screen, it is 
possible to direct another ray upofl the same ^pot in 
such a manner that they will extinguish each other 
mutually. The reason of this phenomenon may be 
understood, if we remember that light is caused by 
nndulatory movement, and that by opposing two series 
of waves to each other in such a manner that their 
vibrations coming in contact produce rest, we can easily 
see how the waves of light of one ray may be stopped 
by those of a second. 

Going back to our illustration of the eddies on a 
pool of water, it is easy to prove that by throwing 
a second stone into the water we form another series 
of undulations; which are mutually destroyed whon 
they encounter each other. It is the same with the 
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peculiar fluid which, existing throughout space, is 
thrown in a state of undulation by incandescent bodies; 
*>y opposing one set of waves to another we obtain rest 
as a result. 

This fact was first observed by Grimaldi in 1665, and 
^r. Thomas Young was the first to offer an explanation. 
-Presnel used it with great success &t the beginning of 
the century to demonstrate the truth of the undulatory 
theory, by showing that it could not be explained by 
»ny other. 



1 
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CHAPTER II. 

THB SOLAR SPECTRUM. ' 

The white light that the glorious orb of day spreads 
over the face of nature is the original source of all those 
brilliant and sombre colours with which the woiks of 
the Creator are beautified. To the rays of the sun we 
owe not only the whiteness of the lily, but the scarlet of 
the field poppy, the modest blue of the timid violet, the 
splendour of* the peacock's plumage, the cool green of 
the meadows, and the purple and gold of the distant 
mountains. For, as we have hinted before, this white 
light, which seems of itself so destitute of colour, is 
productive of every hue that the eye of man is capable 
.of appreciating. 

It may seem that I am bestowing too much praise 
upon our own sun ; but if you are surprised that I 
should seek to exalt this brilliant globe of ever-burning 
fire, I must ask you to recollect, that though the starry 
heavens are full of suns as vast and important as ours, 
and possibly affording brilliant colourless light to worlds 
full of inhabitants, there are others that give forth rays 
that are far from being white. Some are as green as 
emeralds, others are as blue as sapphires, while others 
give out a warm light like a ruby or topaz. The worlds 
which surround these can only receive light of a certain 
colour, or at any rate they are restricted to a few shades 
and hues. Imagine living in a world where everything 
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was always couleur de rose^ or in which the inhabitants 
were continually looking blue ! A residence in either 
of them for a short time would undoubtedly cause us to 
appreciate the relative value of our own little sun, small 
as it is in comparison with some of the mighty orbs 
floating about in space. 

The fact that the light of the sun is the source of all 
the changing hues to be found on the surface of the 
earth season after season was first discovered by Newton, 
and his experiments are easily repeated with a very few 
and inexpensive appliances. 

A small round hole is made in the window-shutter of 
a room, facing the sun, and the pencil of light proceed- 
ing from it is allowed to fall upon the surface of a three- 
sided prism, held in a horizontal position, and placed 
at a distance of a few inches from the aperture (fig. 5, 
Frontispiece). The pencil of light does not pass through 
the prism as if it were a plate of glass with parallel 
sides, but in virtue of the laws of refraction, of which 
we have already spoken, it is turned out of its natural 
course, and is thrown upon the wall in the direction in- 
dicated in the figure. The pencil of light is not only 
turned aside, but it is also widened out into a band 
waich is truly painted with all the colours of the rain- 
bow, every tone and hue being of the most marvellous 
brilliancy. This long coloured stripe, which constitutes 
one of the most beautiful sights that the science of 
optics can afford us, is known to scientific men by the 
name of the solar spectrum. 

B;3fore going into the causes that produce these 
colours, let us first examine their, number and position. 
Bviginning at the top, we shall find that they run in the 
following order : — Violet, indigo, blue, green, yellow, 
orange, red. The red being lowest is called the least 
refrangible of them all ; or, in other words, in passing 
through the prism it was bent less out of its course than 
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its companions. Violet, being at the top, is of course 
the most refrangible. The cause of the Bepsrauou of 
the colonre of white light is coneeqaently out; the effect 
of their individual character. They were, so to speak, 
80 many streama flowing together until an anexpected 
deviation in their coarse caused them to separate. This 
change in the direction of their flow bronght oat their 
personal individuality, and they at once became com- 
pletely disunited. 

Every sinsle tint in the prismatic spectrum is simple, 
and cannot 00 decomposed. This may be shown by 
passing any of them through another prism, when it 
will be found that no change will take place in the 
colour or size of the pencil. Hence those worlds already 
spoken of, whose light of day is red, blue, or green, 
never see any colours but these. (Fig. 6, Frontispiece). 

It is just as easy to reunite the colours into which 
white light is decomposed, by applying a second prism 
in a reversed position to the pencil of coloured light, as 
it is to separate them in the firstinstance. The method 
of accomplishing this is shown In fig. 7, Frontispiece. 



Iia. B.— Tha BaGompodtlaD ot Ulhl. 

Another experiment in the same direction consists in 
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reuniting the colours bj Oftosing them to pass through 
n doable convex lens, behind which is placed a screen 
of ground glass, or a card (fig. 8). By advancing an<l 
withdrawing this screen we can easily find the exact 
spot where the ravs reunite, and form a daizling spot 
of white light. This point is called the focus, from a 
Latin word, signifying " fire-place," a term which will 
put the student in mind of the frequently repeated ex- 
periment of burning a piece of paper with an ordinary 
magnifying-glass. 

Instead of using a lens, yon can, if you please, em- 
ploy a concave mirror, using the ground glaaa or card- 
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board screen, as before. The oolonrs reflected by the 
mirror unite at ite focus, and produce a brilliant white 
spot in just as conclusive a manner as in the other ex'> 
periment, 

A fourth experiment, which is somewhat more diffi- 
cult for the student to accomplish, consists in causing 
every one of the seven different colours to be reflectea 
from a separate mirror. 

The mirrors in this case are concave, and are so 
mounted as to be capable of being moved in any direc- 
tion. By directing each of the seven rays, one by one, 
upon the same point, you may observe the gradual de- 
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eotnposition of the coloured light. The effect obtained 
bj adding the last colour to the mixture is quite magi- 
cal, the white circle being produced from two brilliant^- 
coloured spots. 



fig. 10.— BtconpoalUDD or Ught b; dhuu of ■ niunb« of Uliron. 

A fifth experiment, first devised by Newton, is also 
within the reach of the student. On a disc of cardboard 
the centre and border of which have been previonslj 
painted black, are pasted seven strips of paper, painted 
as nearly as possible of the same colour as the compo- 
nents of the spectrum — or if the student is anything 
of an artist he may paint the disc in imitation of the 
spectrum, carefully shading off the tints into each other. 
If the disc be now rapidly rotated the colours will dis* 
appear, and a greyish hue will he seen, which will ap- 
proach more closely to white, the nearer the colours on 
the disc are to those of the spectrum. This experiment 
I9 not precisely the same in principle as the preceding 
ones, for it is evident that the colours on the dJEC i^o 
not mix, but only the impressions tbey form upon the 
retina. We have already said that such imprcEsions 
remain on the eye for one-tenth of a second or there- 
abouts ; the disc must therefore revolve at least ten 
times a second, or the effect will not be perceived. 

From ihcso experiments it follows that the colours 
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irith which all natural substances are clothed, ought not 
to he looked upon as belonging to them absolntelj, bnt 
onlj as a property dependent on the reflecfion and 
absorptioa of light from their surfaces. The leaves of 
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plants, for instance, must not be regarded as being 
reallj green in themselves, but as being capable of ab- 
sorbing certain portions of light, and rSecting others. 
Grown in the dark, the green substance contained in the 
plant and its leaves becomes white, and no longer pos- 
sesses tbe property of absorbing red light, and reflect- 
ing green. A green leaf placed in red Tight becomes al- 
most black, from its power of absorbing light of that 
colour; in the blue it reflects a much greater proportion 
of the coloured ray. A very striking experiment may 
be performed with a substance known to chemists as the 
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iodide of mercury. If a little of this salt, which is of a 
brilliant red, be placed in a watch-glass, and heated over 
a spirit«lamp, it will gradually sublime, and a card held 
over it will be covered with a number of light yellow 
crvstals. In this case no change of composition has 
taKcn place, but simply a change in the power the salt 
possesses of reflecting some rays and absorbing others. 
By simply scratching the surface of the card with a 
pointed piece of wood, the yellow crystals become trans- 
formed once more into the red variety ; not only this, 
the transformation gradually spreads, like a red cloud, 
over the whole of the deposit. There are some other 
salts known to chemists which possess the property of 
dichroism, or double colour. The double cyanide of 
platinum and barium, for instance, appears violet when 
viewed in one direction, and yellow in another. Change 
of temperature is often sufficient to change the colour of 
bodies — ^white oxide of zinc, for example, becomes bright 
yellow when heated. Such instances might be supplied 
ad infinitum^ but enough has been said to prove that 
colour, after all, is only an appearance, and not an es- 
sential property of boaies. 

We have already spoken of complementary colours, 
or those which it is necessary to add together in order to 
produce white light. Blue, for instance, is complemen- 
tary to orange, red to green, violet tp yellow, and vice 
versa. But it is not by the aid of the palette that this 
can be proved, for in the case of coloured pigments the 
arrangement of their atoms interferes in someway with 
the success of the experiment, and it is only by means 
of the colours of the spectrum that such recompositions 
can be effected. 

Although most philosophers consider that there are 
seven colours in the spectrum, there are others who do 
not admit it, but assert that there are really only three, 
red, yellow and blue — which by the superposition of 
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their edges produce the intermediate hues of green and 
orange. Perhaps it would be nearer to the truth to say 
that the spectrum is composed of an infinite number of 
colours of different hues. 

We have already stated that every one of these 
colours is indecomposable, and that there are certain 
worlds illuminated by a single colour only, instead of 
possessing the infinite number of tints enjoyed by the 
inhabitants of the solar system. An idea of this effect 
can easily be gained in a very simple but surprising 
manner by inserting panes of glass of different colours 
in the hole of the shutter of a dark room. If the light 
is yellow, you will find that all those objects that are 
capable of reflecting yellow light are coloured by it, 
while those which are bright red or blue become almost 
black by absorbing the only light present. If we could 
procure an object which was perfectly complementary 
in colour to the yellow glass, it would appear perfectly 
black. The same experiment may be repeated with 
the other colours. After remaining in this coloured 
light for some time, if you suddenly pass out into day- 
light the complementary colour will tinge everything 
around you. 

Instead of using a room into which coloured light 
only is admitted, lamps burning with a coloured flame 
may be employed. Brewster mentions the following 
experiment, which is a very striking one : — Fill a spirit- 
lamp with alcohol in which has been dissolved as much 
common salt as the spirit will take up ; on being lit it 
will be found to burn with a livid yellow flame. A 
room lighted entirely with one or two lamps of this 
kind will form a laboratory for some very singular ex- 
periments. It should, if possible, be hung with pictures 
m water and oil colours, and the persons present ought 
to wear nothing but the brightest colours, and the table 
be ornamented with the gayest of flowers. The room 
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being first lighted with ordinary daylight, the lunr*ps 
above mentioned should be brought in, and the day- 
light carefully excluded, when an astonishing metamor- 
phosis will take place. The spectators will be hardly 
able to recognise each other ; the furniture of the room, 
and every other object contained in it, will reflect but a 
single colour. The flowers will lose their brilliant 
tints, the paintings will appear as if they were drawn 
in Indian ink. The brightest purple, the purest lilac, 
the richest blue, the liveliest green, will be converted 
into a monotonous yellow. The same change will tale 
place in the countenances of those present; a livid 
paleness will spread over their faces, whether young or 
old, and those who are naturally of an olive complexion 
will hardly appear changed at all. Every one will 
laugh at the appearance of his neighbour's face, without 
thinking that he is just as ereat a subject of laughter to 
them. If, in the midst of the amusement caused by this 
experiment, the Kght of day is admitted at one end of 
the room, the other end being still lighted with the 
salt-lamp, every one will appear to be half-illuminated 
with the livid colour which has caused so much surprise, 
the other portion of their figure and clothes being of 
the natural hue. One cheek, for instance, will appear 
animated with its usual brilliancy, while the other will 
be that of a corpse ; one side of a lady's dress will be 
brilliant blue or green, as the ease may be, the other a 
colour that it would puzzle an artist to give a name to. 
The experiment may be varied by admitting the white 
light through several small holes in the shutter of the 
room, every luminous spot painting the place where it 
falls in its natural colours, and the yellow spectators 
will become spotted with the most singular tints and 
hues. If a magic-lantern is used to throw on the walls 
of the room and the clothes of the company any lumi- 
nous figures, such as those of flowers or animals, they 
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will be coloured with these figures in the tint of the 
wall or fabric upon which they fall, yellowish colours 
of course escaping the transformation. If nitrate of 
strontia be substituted for the salt, a crimson tint will 
be spread over everything. In fact, a lamp prepared 
in this way will form a source of endless amusement. 
It is not necessary to use alcohol for the purpose; 
wood-spirit or methylated alcohol will serve the purpose 
equally well. If a lamp is not to be had, a few pieces 
of cotton-wool, tied on wires and dipped in the salted 
spirit, will do almost as weU. 
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CHAPTER III. 

OTHEB CAUSES OP COLOUR. 

The colours of the spectrum are to the sense of sight 
what the tones of the gamut are to the sense of hear- 
ing. On the one hand, the differences in the lengths 
of the sonorous waves constitute the variety of note per- 
ceptible by the ear ; on the other, the differences in the 
lengths of the luminous waves constitute the variety of 
colour perceptible by the eye. By and by, we shall 
learn both the length and rapidity of these vibrations, 
but it will be as well first to describe the experi- 
ments made in this direction by the immortal Newton 
himself. 

Every one has, doubtless, at one period of his life, 
amused himself with blowing soap-bubbles by means of 
a tobacco-pipe and a little lather — a sufficiently childish 
amusement, you will possibly say, but one narrowly 
connected with the most intricate secrets of the science 
of optics. These little globes, so fragile that they dis- 
appear in a breath, hardly seem worthy of the attention 
of a thinker, and still less the examination of a philoso- 
pher ; but it is nevertheless true that Newton made ex- 
periments on the colours shown on the surface of these 
apparently insignificant objects which ended in the 
most brilliant discoveries, just as on seeing an apple fall 
he began a train of thought which only terminated in 
the enunciation of the hypothesis of the earth's power 
of gravity. 
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All transparent substances, whether liquid, solid, or 
gaseous, become coloured with the most brilliant hues 
as soon as they are reduced to plates of extreme thin- 
ness. In the soap-bubble it is the oleaginous particles 
floating on the surface which thus become coloured, but 
Newton showed that thin plates of air were similarly 
capable of showing colour, and .that the thinner the 
plates were the more brilliant were the tints. We may 
see this in the soap-bubble, which biecomes more beau- 
tiful as it gets larger and thinner. By placing a con- 
vex lens of large size on a flat plate of glass, Newton 
observed that rings of different colours were formed 
round the spot where the two pieces of glass touched. 





Vig. 13.—- Newton*8 Rings. 

By measuring the convexity of the lens and the di- 
ameter of the various rings, Newton was enabled to tell to 
a minute fraction the exact thickness of the plate of 
air corresponding to the different colours. The glasses 
being placed in position, a ray of a particular colour — 
red, for instance— was thrown upon the surface. The 
result was a black spot at the point where the two sur- 
faces touched, and surrounding it at various distances 
were several rings alternately red and black. Calcu- 
lating the thickness of the plates of air at the part 
where the dark rings made their appearance, Newton 
found that their dimensions were in the proportion of 
the even numbers two, four, six, eight, &c. ; while the 
red rings showed figures corresponding to the odd num- 
bers. Although trammelled by the corpuscular theory, 
Newton's deductions from these experiments show that 
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they can only be accounted for by the undalatory hypo- 
thesis. Thus the thickness of the plate of air at the firsc 
red ring is that of the red wave, the thickness at the 
second that of two red waves, and so on ; so that in or- 
der to arrive at the thickness of the red wave we need 
only measure the distance between the portions of the 
glasses where the first red ring occurs. 

This experiment was applied to the measurement of 
all the waves. Whenever they were reflected on the 
glasses a parallel series of rings was formed, but it was 
found that the first ring was more or less distant from 
the central spot, according to the colour used. The red 
ring was the largest ; the orange, yellow, green, blue, 
indigo, and violet, following in the same sequence as in 
the spectrum. The word '^ thickness" seems hardly fit 
to apply to dimensions arrived at by Newton in his ex- 
periments, so infinitely small do they appear to be, yet 
their correctness has never been impugned, although 
the experiments have been repeated by the philosophers 
of all countries. The waves of red light are so small 
that 40,000 of them go to an inch, and those of violet 
light situated at the other end of the spectrum are still 
smaller, measuring only the 60,000th part of an inch. 

The waves of the other colours are between these two, 
while the wave of white light, which is a mixture of 
them all, is just half-way between the two. 

Thus was the physical cause of the various hues of 
colour discovered by this great man, revealing as it does 
the singular and mysterious analogy between sound and 
light. The rays of light, like the waves of sound, pro- 
duce a different effect, according to their length, by 
causing quicker or slower pulsations in the nerves of 
sight, just as musical sounds vibrate upon the drum of 
the ear with different velocities. 

This is not all, for the relationship between sound and 
light does not cease here: Vre have as yet only spoken 
of the size of the undulations, and have only shown 
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how their dimensions are connected with the sensation 
of colour; but there are other things to be considered, 
for on investigation we find that not only do the dif- 
ferent coloured waves vary in the length of their undula- 
tions, but also in the number that take place in a given 
time. 

The perception of sound is produced by the action of 
the drum of the ear, which vibrates sympathetically 
with the pulsations of the air that have been originated 
by the vibrations of the sounding body ; and the per- 
ception of light is produced in a similar manner by the 
vibrations originating in a luminous body, and propa- 
gating themselves tnrough the luminous ether until 
they reach the nerves of sight. The number of these 
pulsations taking place in tne eye has been accurately 
determined in the following manner. Let us suppose 
that we are looking at a coloured object — let us say, a 
red railway signal-lamp ; from the lamp to our eye there 
flows a continuous line of luminous undulations ; these 
undulations enter the eye and become depicted on the 
retina. For every wave that passes through the pupil, 
there is a separate and corresponding vibration of the 
optic nerve, and the number of these vibrations that 
take place in the course of a second can be easily cal- 
culated if we know- the velocity of light and the breadth 
of the waves. We have before found that light travels 
at the rate of 185,000 miles per second; it therefore 
follows, that a series of undulations 185,000 miles long 
pass through the pupil every second ; consequently the 
number of vibrations per second is arrived at by cal- 
culating how many waves measuring the 40,000th of 
an inch — that being the length of a wave of red light — 
are contained in 185,000 miles. The following table, 
showing the number of waves passing into the eye 
per second for the difiFerent colours, will interest tne 
student : — 
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Extreme red . . 


458,000,000,000,000 wayes 


per second. 


Red . . • . . 


477,000,000,000,000 




Orange . 


1 • • • 


606,000,000,000,000 




Yellow 


• « • • 


636,000,000,000,000 




Green , 


ft • • • 


677,000,000,000,000 




Blue 


1 • • • 


622,000,000,000,000 




Indigo . 


• • • 


658,000,000,000,000 




Violet , 


1 • • • • 


699,000,000,000,000 




Extreme 


1 Tiolet . 


727,000,000,000,000 





Whatever theory we may adopt to explain the phe- 
nomena of light, we arrive at conclusions that strike 
the mind with astonishment and admiration. Accord- 
ing to the corpuscular hypothesis, it was supposed that 
the molecules of light were endowed with the power of 
attraction and repulsion, that they possessed poles and 
centres of gravity like the earth, and that they had 
other physical properties that could only be given to 
ponderable matter. Starting with these notions, it is 
difficult to divest oneself of the idea of sensible size, or 
to induce the mind to conceive particles so extremely 
small as those of light would necessarily be if the theory 
of emission were accepted. If a particle of light weighed 
a grain, it would produce by means of its enormous ve- 
locity the effects of a cannon-ball weighing 120 lbs., 
travelling at the rate of 300 yards per second. How 
infinitely small would be these particles, seeing that the 
most delicate optical instruments are submitted to their 
action for years without being injured ! 

If we are astonished at the extreme smallness and 
prodigious rapidity of the luminous molecules whose 
existence is necessitated by the corpuscular theory, the 
numerical results of the undulatory hypothesis are not 
less surprising. The extreme smallness of the distance 
between the waves, and the inconceivable quickness of 
their undulations, although both are easily calculated, 
must raise in the mind of the student feelings of the 
utmost wonder and admiration. 
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Colour, then, simply results from the diflFerence in 
the rate of vibration of the rays, as Professor Tyndall 
observes in his lectures on the " Analogy between Sight 
and Sound," the impression of red being produced by 
waves that undulate a third less rapidly than those 
which produce the sensation of violet. 
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CHAPTER IV. 

LUMINOUS, CALORIFIC, CHEMICAL, AND MAGNETIC PRO- 
PERTIES OF THE SPECTRUM. 

The solar spectrum may be compared to a battle-field 
with an army drawn up upon it ready for action. In 
the centre we find the luminous rays, on one side the 
light troops which produce chemical effect, and on the 
other the heating rays, which may be compared to squad- 
rons of heavy cavalry. Close by the light brigade are 
the magnetic rays, which are a corps of skirmishers, 
sometimes appearing, and at others hiding themselves 
from view in a very mysterious manner. 

But to drop metaphor, we shall find on examinat^im 
of the spectrum that the three great forces — heat, lig^t, 
and chemical effect — are regularly distributed over three 
different portions of this wonderful band of colour. 

Before Fraunhofer the intensity of the light of dif- 
ferent parts of the spectrum remained undetermined 
with any degree of accuracy ; but this philosopher, by 
the use of a very delicate photometer, obtained the re- 
sults given below. 

The maximum of luminous effect is situated just at 
the junction of the yellow and orange. Taking this 
spot as its starting-point, it gradually decreases on each 
side until it ceases altogether at the extreme red and 
violet. 

With respect to the calorific portion of the spectrum 
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it was for a long time supposed that the heat-giving 
properties of any part were in direct proportion to the 
amount of its luminous effect ; but Sir John Herschel 
proved by a long series of experiments that the heat of 
the spectrum gradually increased from the extreme 
violet to the extreme red, and that passing this point it 
still further increased until it attained its maximum at 
a point where not a single ray of light existed. From 
these grand experiments he adduced the important con- 
clusion, that in solar light there existed invisible rays, 
which produced heat, and which possessed even a less 
degree of refrangibility than the extreme red rays. Sir 
John Herschel then tried, but unsuccessfully, to deter- 
mine the exact refrangibility of the invisible heat 
rays. 

Sir Henry Englefield compared these results, and 
obtained the following figures : — 

Blue 56 deg. Fahr. 

Green 68 " 

Yellow 62 *« 

Red 72 " 

Beyond the red ,79 «« 

B^rard obtained similar results, but he at first found 
that the maximum of heat was just at the end of the 
extreme red, and that beyond it the air was only about 
one-fifth warmer than the ordinary temperature. Sir 
John Herschel attributed these discordant results to 
Berard having used a thermometer with too large a 
bulb; he accordingly repeated his experiments with 
other instruments with long narrow bulbs, and arrived 
at similar results to those obtained by the English 
philosopher. 

We will now pass on to the physical properties of the 
other end of the spectrum. Towards the end of the last 
century, Scheele, a Swedish philosopher, remarked that 
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chloride of silver was blackened more quickly by the 
violet portion of the spectrum than by any other. In 
1801, Bitter of Genoa, in repeating certain experiments 
made by Herschel, found that a much stronger black- 
ening effect was produced at a point beyond the violet, 
and that the discoloration was produced with less in- 
tensity by the violet and still less so by the blue, the 
change gradually decreasing till the red ray was reached. 
He also found that when slightly blackened chloride of 
silver was exposed to the effects of the red rays, or 
even in the space beyond, its colour was restored to it. 
From these facts he drew the conclusion that in the 
solar spectrum there existed two kinds of rays, one at 
the red extremity, which favoured oxygenation; the 
other, at the blue end, which possessed the contrary 
properties. He also found that when phosphorus was 
placed in the invisible rays beyond the red, it gave off 
fumes of oxide, which were immediately extinguished 
when it was transferred to the other end.. 

On repeating the experiment with chloride of silver, 
Lubeck found that the tint varied according to the 
colour in which it was placed. Beyond or in the violet 
ray it became brownish red, in the blue it became 
bluish or bluish grey, in the yellow it remained white, 
or became slightly yellow and reddish in or beyond the 
red ray. When he used prisms of flint glass, the chlo- 
ride of silver was discoloured beyond the visible limits 
of the spectrum. 

Without being aware of Bitter's experiments, Dr. 
WoUaston obtained the same results by acting on 
chloride of silver with violet light. In continuing his 
researches he discovered that gum guaiacum was ako 
influenced by the chemical rays of light. 

The magnetic influence supposed to be exerted by the 
solar rays still remains without positive proof, although 
numbers of philosophers have experimented in this 
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direction. More than fifty years ago Dr. Morichini 
announced that the violet rays of the solar spectrum 
possessed the property of magnetizing steel needles 
that were previously free from magnetism. He pro- 
duced this effect by concentrating the violet rays upon 
one-half of each needle with a convex lens, taking care 
to keep the other half concealed beneath a screen. 
After having continued this experiment for more than 
an hour, the needles were found to be quite magnetic. 

Dr. Somerville tested Morichini's experiments by 
covering one-half of an unmagnetized needle an inch 
long with a piece of paper, and exposing the uncovered 
half to the violet rays of the spectrum, and found that 
the needle became magnetic in the course of a couple 
of hours, the exposed end being the north pole. The 
indigo rays produced almost the same effect, but the 
blue and green rays were much less powerful. When 
the needle was exposed to the yellow, orange, red, and 
invisible rays beyond the red, no magnetic effect was 
produced, although the experiment was continued for 
three days. Pieces of chronometer and watch springs 
were submitted to the same influences with a similar 
result ; but when the violet rays were concentrated upon 
the needles and pieces of spring with a lens, the time 
necessary for magnetizing them was greatly reduced, 

Baumgartner of Vienna and Christie of Woolwich 
also repeated these experiments. The latter philosopher 
found that when a needle of magnetized steel, copper, 
or even glass, vibrated- by force of torsion in the rays 
of the sun, the arc of vibration diminisned much more 
quickly than when the experiment was conducted in the 
shade. The 8un*s rays appeared to have the greatest 
effect upon the magnetized needle. From these results 
(Jhristie concluded that the solar rays were capable of 
exerting a certain amount of magnetic influence. 

These experiments were afterwards fully confirmed 
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by those of Barlocci and Zantedeschi. The former 
found that a natural magnet which was capable of sup- 
porting a pound weight, had its power almost doubled 
by exposure to strong sunlight for four-and-twenty 
hours. Zantedeschi exposed a magnet which would 
carry fifteen ounces to the sun for three days, and in-j 
creased its power two and a half times. These experi- 
ments seem almost to decide the fact of the power of 
white and violet light to induce magnetic force ; but a 
series of researches by a philosopher who without doubt 
is greater than any of those already mentioned, seems 
to throw some doubt on the facts we have related above. 
Before concluding, we must add a few more facts re- 
lating to the existence of invisible rays at both ends of 
the spectrum. " The visible portion of the spectrum," 
says Dr. Tyndall, in one of his Royal Institution lec- 
tures, " simply marks an interval of radiant action, the 
rays existing in which bear such a relation to our visual 
organs, as to be capable of exciting in them the sensa- 
tion of light. Beyond this interval, in both directions, 
right and left, the radiant action continues to exercise 
itself, but the rays emitted are dark, in consequence of 
their exerting no influence on our eye. Those that ex- 
ist beyond the red ray are capable of producing heat, 
while those that are beyond the violet excite chemical 
uction. These invisible violet rays can be actually 
made perceptible to the eye, or, in other words, the un- 
dulations or waves proceeding from this end of the 
spectrum can be made to strike against certain sub- 
stances and induce luminous vibrations, so as to connect 
the dark space beyond the violet with a brilliantly illu- 
minated band. I have here a substance capable of 
effecting this change. The lower half of this sheet of 
paper has been moistened with a solution of sulphate 
of quinine, the other half being left in its ordinary 
condition. I will now hold the paper in such a manner 
that the line that separates the prepared half from the 
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other shall cut the spectram in two halves horizontallj. 
The upper half will remain unaltered and may be 
readily compared with the lower half, upon which you 
will see the spectrum' prolonged beyond its ordinary 
limits. The effect produced is the addition of a splendid 
band of fluorescent light, which extends over a space of 
several inches, which but an instant before was a dark 
mass. I withdraw the prepared paper, and the light 
disappears ; I replace it, and the light shines forth once 
more ; showing us in the most brilliant way that the 
visible limits of the ordinary spectrum are not the lim- 
its of radiant action. 

*^ I plunge a pencil into the solution of sulphate of 
quinine, and I pass it over the paper. You see that 
wherever the solution falls, the light bursts forth. * The 
existence of these rays has been known for a long time. 
Young was familiar with them, and subjected them to 
experiment ; but it is to Professor Stokes that we are 
indebted for a complete series of researches on this sub- 
ject. It was he who first made those invisible rays 
visible, as we have done." 

In the same way the Professor proceeded to show tliat 
the heat rays were invisible by passing a beam of sun- 
light through a solution of iodine in spirits of wine, 
which, although it completely stopped all light, allowed 
the heat rays to pass iminterruptedly. By collect- 
ing these invisible rays into a focus by means of a lens. 
Dr. Tyndall was enabled to ignite various combustible 
bodies. 

Thus we see the reason why certain rays produce 
certain effects on the eye, each particular degree of re- 
fraction causing a different set of vibrations, resulting 
in a different sensation for every part of the spectrum, 
and reproducing the effect of various colours on the 
optic nerve. In the following chapters we shall con- 
clude our account of the different colours in the spec- 
trum and of the laws of light. 
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CHAPTER V. 

THE LAWS OF BEFLECTION. — MIRRORS. 

When a ray of light falls obliquely on any polished 
surface, as that of a mirror, a piece of water, a plate 
of burnished metal, or any other reflecting substance, 
the ray, like an elastic ball, is immediately projected in 
a contrary direction to that in which it fell. Moreover, 
the direction in which it is reflected is at right angles 
to the surface, and in the same plane as that of the ray 
in the first instance. This experiment may be tried 
very easily, and will show the reason for the two fol- 
lowing laws. 

1. The angle of incidence is equal to the angle of re- 
flection, and vice versd. 

2. Reflection can only take place in one direction — 
in. that of the incident rays, both of which are always 
in a plane perpendicular to the reflecting surface. 

The following figure will assist the student in per- 
forming experiments on the reflection of light from flat 
surfaces. 

The ray A B falling obliquely on the horizontal 
mirror, is reflected upwards at the same angle in the 
direction B. c. This may be proved geometrically by 
placing a graduated circle in a vertical position in the 
plane a b c, when we shall find that the angle A B D 
formed by A b (the incident ray) with the perpendicular 
D B is equal to the angle formed by this perpendicular 
line and the reflecting ray B c. You may also prove 
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in the same v&j that these three liaes are all in the 
same vertical plane. 



riu. IS-RefltctJ 



Let ns now esamine the eSects of light reflected 
from plane surfaces. We must Brst, however, notice a 
certain optical illuaion to which we are continually 
falling a prey, almost without our knowledge. We 
always fancy objects to he in reality .in the place where 
we Bee them, and, in spite of our having already enume- 
rated a large number of these deceptions, we must 
still add one more to the list. In reality we rarely see 
objects in the place where they really are; for if by 
the effect ot reflection, refraction, or any other cause, 
the raya of light are made to deviate from their course, 
we no longer see the ohject from which they proceed in 
its real position, but in the direction taken by the lu- 
minous pencil at the moment of entering the eye. 

For instance, if the ray A B is bent during its passage 
to the eye at b, and oonseqaeutly reaches it in the 
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direction B c, it ia at A*, and not at A, that we shall see 
the object from which it proceeds. Evfiry ray of light 
which passes out of a, medium of a certain density into 



Fro. U^Bstruilon 



another of a different density is bent from its primary 
course, or, in scientific language, it is refracted. The 



■1 PrCH>r of KehadloB; 



experiments we made in a former chapter on the 
properties of the priam are founded on this principle. 
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The law may be- easily illustrated by allowing a ray of 
light to fall upon the surface of a> vessel of water, as 
sbowaiu the preceding figure. 

Vhe light of the stars aud planets undergoes a similar 
deviation when passing in its course through the earth's 
atmosphere ; and at the moment we see the rising of 
the sun, the moon, or a star, they are in reality still 



below the horizon. Our eyes consequently are still 
deceiving us, no matter what part of the domain of op- 
tics we may enter. 
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Thci-o arc two kinds of mirrors — plane and curved, 
We will first examine the properties of the former eort, 
being those vhich ore ordinarily applied to the usages 
of every-day life. 

In the figure in the preceding page we have a young 
lady looking at her reflection in a tall cheval glass. 
Every point upon the surface of her clothes and face is 
reflected back to her eye from the surface of the tin 
amalgam which has been applied to the back of the mir- 
ror by the looking-glass maker, for the purpbse of ren- 
dering the imago of the object more brilliant than if the 
glass alone were used. The rays which proceed from 
every one of these points strike upon the surface of this 
metallic layer, are stopped by its opacity, and are re- 



flected back to the eye at an angle equal to that at wbioh 
they strike the surface. The image seen by the eye is 
formed, consequently, by the reflection of every one of 
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these rays ; and as ve always see objects in the direc- 
tion taken bj the luminous ray at the moment it enters 
the eye; we fancy we see objects before us that are 
really behind, or on each side of us. Por instance, the 
ray starting from the left foot of the young lady in the 
figure is reEected from the point indicated on the sur- 
face of the glass, hut the eye does not stop here, but 
sees the foot at an equal distance beyond the mirror. 

The same thing takes place, not only with glass, but 
with all substances having polished surfaces. Still water, 
which to all intents and purposes haa a polished aur- 
face, reflects the objects within its range as perfectly as 
a mirror. 

The preceding observations apply to all plane re- 
flecting surfaces ; but there are other sorts of mirrors, 
whose effects are of a more interesting nature, and 
which we must hasten to describe — we allude to those 
whose surfaces are either convex or concave. 

Curved mirrors are made of a great variety of shapes, 
but for the present we shall only describe those which 
are spherical. Spherical mirrors may of coorse be 
either concave or coavez. 



Suppose the arc M s (fig. 18) to be movable round 
the point u, this revolution will describe the surface of 
the mirror. The central point o of the hollow sphere 
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of which the mirror forms part^ is called the centre of 
curvature, the line o L the principal axis. By remem- 
bering these very simple definitions, we shall be able 
to understand the action of these mirrors without the 
slightest difficulty. 

To understand how the rays of light are reflected 
from the surface of the mirror K h at the point F, which 
is called the focus, we have only to consider the mirror 
as consisting of an infinite number of facets, allinclined 
towards that particular point, and forming by reason of 
their immense numbers a regular spherical surface. In 
considering the mirror from this point of view, we can 
immediately see that, on account of the inclination of 
the supposed facets, the rays that they receive are all 
reflected back again at the same point ; and it may be 
proved geometrically, that when the incident rays are 
parallel the focus will be situated somewhere on the line 
0, its position depending on the curvature of the 
mirror. 

If, therefore, we receive on a spherical mirror a pencil 
of sunlight, the rays which compose it may be regarded 
as parallel, the sun being at so great a distance from the 
earth ; it follows that these rays will all be reflected 
together in a particular point, viz., at F, and if any 
object be placed there it will be illuminated with great 
brilliancy. The laws governing the reflection of heat 
being nearly similar to those regulating the action of 
light, the rays reflected from a burning body will ignite 
any inflammable substance placed at the point F. The 
focus for parallel rays is called the principal focus of a 
mirror. Having described the effects of parallel rays, 
let us now see what happens when the source of light is 
close to the mirror. If it is placed at a very small 
distance, the luminous rays are divergent instead of 
parallel, and their meeting point becomes changed in 
accordance with the laws laid down at the beginning of 
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this Chapter. That is to say, tbe focus will approach 
more or less to tho centre of carrature c, according as 
the source of light is placed nearer to or further from the 
mirror ; consequentlj, in the case of the candle in fig. 
19, instead of uniting at f, the rare irill meet at /, a 
point situated somewhat nearer the mirror than the 
principal focus. If, instead of placing the light at A, we 
place it at/, we shall find the rays will be concentrated 
at the point A. Thus the foci are consequently related 
to each other, and are hence called covjvg ate foci. It 
will be readily seen that a spherical mirror may have an 
infiuite number of conjugate foci, according to the dis- 
tance of the source of light. It is also clear, that if we 
cause the light to approach the mirror, the focus will 
aUo approach it. 



fta. IB.— Conjngits Focr. 

Oontinuing our experiment, we shall find that when 
the candle passes the principal focus so as to be between 
it and the mirror, the reflected rays first become parallel 
and then divergent, and cannot consequently produce 
any focus beyond the mirror, but are reflected in the 
way shown in fig, 20. 

In experimenting on the plane mirror, we imaginei' 
we saw the object at a certain distance behind it ; the 
same thing happens when we see ourselves reflected in 
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a concave mirror, and the particular point at which we 
BuppoBe we see our reflection is called the virtual focoa. 



Pia.lO.— VlTtniiroci 



If instead of a candle we place our head before a 
concave mirror, we shall see. ourselves magoified as in 
fig. 21. 



We shall easily see how this happens by tracing the 
paths of the raya in fig. 22. 
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Ffg. 22— Milgnir^liig affect of Ooi 

The rays, for instance, whicli proceed from the fore- 
bead at the point a are reflected from the point o to the 



nc- 13.— The BeTam) at i«l Inugeg. 
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eye in anch a vay as to appear to proceed from a point 
beyond the mirror, A. In the same manner the rays re- 
flected from the chin appear to take their origin from 
the point B. If, on the other hand, we place ourselves 
at a distance from the principal focus, we shall produce 
a reversed and diminished image of our face. This 
image is not illusory, like the preceding ones, but is 
real, and may be received upon a screen, as shown ia 
fig. 23. 

We may easily follow the path of the rays as shown 
in the figure, and we shall see that the rays formiog 
the images of the church-tower and the terrace below, 
cross at a certain point. 

Convex mirrors produce precisely opposite effects, and 
give a diminished image instead of a magnified one, as 
may be perceived on ezaminiug fig. 24. 
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CHAPTER VI. 

METALLIC BUBNINa MIRBOBS. 

The classical student will remember that Archimedes 
burned the fleet of Marcellus, by means of burning- 
glasses, from the heights of the fortifications of his 
native city of Syracuse. Unfortunately, any account of 
the system of catoptrics, or the science of reflections, 
employed by the ancient Syracusan in their con- 
struction is lost to us, and many modern writers have 
gone so far as to doubt the fact altogether. The 
knowledge of the properties, however, of concave 
mirrors which we have just been acquiring, will enable 
us to form a pretty good guess as to the means adopted 
by Archimedes for 3ie destruction of the enemy's fleet. 
The ancients, not having the means of either casting or 
grinding such enormous mirrors, must have constructed 
them of a large number of small ones, so arranged 
that the images of the sun reflected by them would all 
fall in the same place, or nearly so. In this case, the 
larger the number of mirrors, the greater would be the 
burning effect. In order to explain the reflection of 
rays incident upon the surface of concave mirrors, we 
supposed them to consist of an immense number of 
plane mirrors placed in a curve, so that the reflected 
rays might all meet in one point ; but on examining 
into the history of burning mirrors, we find that the 
plan has been adopted in reality in a great number of 
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instances. We have also said, that the reflection of the 
heating rays was governed by similar laws to those 
influencing the rays of light ; consequently, by directing 
a pencil of sunlight upon the surface of a concave 
mirror, we obtain the maximum of light and heat at 
the focal point. 

Many modern writers give the ancients too little 
credit for their knowledge of optical principles, and 
late investigations seem to prove that the old school of 
philosophers were much more learned in these matters 
than has been generally supposed. The discovery of a 
rock crystal double convex lens in an Egyptian tomb of 
great antiquity is an instance of this. Descartes wrote 
a little treatise to prove that the stories related of the 
burning mirrors of Archimedes were pure fabrications^ 
although many Latin authors have described them both as 
being used by that philosopher and in more modera 
times ; Dion, for instance, who lived in the early part 
of the sixth century, states that at the siege of Con- 
stantinople, Proclus burnt the fleet of Yitalian with 
mirrors of brass ; but the opinion of Descartes seemed 
to outweigh all other testimony. Buffon, who wished 
to sift the matter thoroughly, constructed for himself, 
after many previous experiments on the laws of reflec- 
tion, a series of mirrors that closely imitated those 
ascribed to Archimedes. His first memoir, " On the 
Invention of Mirrors capable of burning at a great Dis- 
tance,*' was published in the Transactions of the French 
Academy of Sciences for 1747. A few years later he 
combated both theoretically and practically the opinion 
of Descartes, in 8 memoir containing an account of an 
immense number of experiments. Before speaking of 
the extraordinary effects of burning mirrors, it will be 
as well to do justice to the predecessors of the learned 
naturalist we have just mentioned, by quoting a passage 
from the works of Father Kircher, who, 128 years pre- 
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viously, experimented in this direction with great pa- 
tience and perseverance, and tried to prove that the 
stories related of Archimedes were true. " The larger 
the surface of a mirror," says this philosopher (who, like 
Huyghens, was a practised astronomer), ^' the more light 
it reflects from the objects opposite to it. If it is only 
a foot square, it will throw a square foot of light upon 
any wall or screen placed before it. Experiment shows 
that this light is composed of an infinite number of rays 
reflected from different points on the surface of the mir- 
ror. Direct the rays from a second mirror upon the 
same place as those from the first, and the light and 
heat will clearly be doubled. They will become trebled 
if you direct the rays from a third mirror upon the 
same spot, and so on ad wfinitum. In order to prove 
that the intensity of the light and heat is in direct pro- 
portion to the number of reflecting surfaces employed, 
I took five mirrors, and found that on exposing them to 
the sun I obtained with only one, less heat and light 
than if I used direct sunlight. With two the light and 
heat increased considerably ; three gave as much heat 
as an ordinary fire, and four gave me a still greater 
effect. I therefore concluded that by multiplying these 
plane mirrors, I not only obtained greater effects than 
those got bv using parabolic; hyperbolic or elliptical mir- 
rors, but that I could use them upon objects at a much' 
greater distance. With five mirrors 1 could obtain 
these effects at a distance of 100 feet, but what terrible 
phenomena would have taken place had I used one 
thousand instead of five?*' He ends by begging math- 
ematicians to experiment in this direction with greater 
care than they had hitherto done. 

After Kircher we may cite as an experimentalist with 
these terrible instruments the French philosopher Vil- 
lette, who constructed several mirrors, in direct imita- 
tion of those of Archimedes, for Louis XIV. and other 
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sovereigns. The Journal des Savants for 1679 gives 
an account of his principal metallic burning mirror in 
the most eulogistic terms, adding an instance of igno- 
rance which is singularly quaint and curious. It is of 
the fourth and most perfect of Villette's mirrors that 
the Journal des Savants speaks, the first having been 
bought by Tavernier, and presented to the Shah of 
Persia, who considered it as one of the rarest and most 
precious curiosities that he possessed : the second was 
sold to the King of Denmark, and the third was given 
by M. Villette to Louis XIV., from whom he received 
the praises and rewards that were due to his talent and 
perseverance. " It was thirty-four inches in diameter, 
and vitrified flints and bricks almost instantaneously, 
no matter how large they were. It consumed the green- 
est wood, burning it to ashes in an instant, and fused 
the most refractory metals with equal ease and quick- 
ness. Steel, no matter how hard, resisted its power no 
more than other metals, and melted so quickly that one 
part burnt away in inconceivably brilliant sparks, some 
of them forming stars as lar^e as a franc piece, leaving 
a flowing mass of metal behind. The last made by 
Villette was still more powerful, being larger and more 
carefully made. It was forty-four inches in diameter, 
and three inches and a line deep. Its burning point, or 
focus, was situated at a distance of three feet seven 
inches from the surface, and was apparently as large as 
a five-sou piece ; and it was at this spot, where the rays 
of light and heat were concentrated into so small a 
space, that the wonderful effects of its violent power 
became manifest, the spot of light being of such bril- 
liancy that the eyes could no more withstand its bright- 
ness than that of the sun. Besides the property of 
burning which it possessed in so wonderful a degree, it 
was capable of exhibiting other efiects just as curious 
as those already related. It had the power of sending 
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the images of objects to a distance of fifteen feet or 
more, so that a man looking at himself in this mirror 
with a stick or sword in his hand, saw the image of them 
suspended in the air, apparently ready to strike the ob- 
server. On seeing such an eJFect for the first time, the 
observer could hardly fail to experience the greatest 
surprise, and even fear; and it is stated that the king 
having placed himself, sword in hand, before one of 
these mirrors, in order to observe the effect, was sur- 
prised to find himself face to face with an armed hand 
apparently directed against him. When he advanced, 
the hand seemed to spring forward to meet him# The 
king could not conceal his surprise and fright, and after- 
wards felt so ashamed at being terrified with a mere 
shadow that he ordered the mirror to be taken away, 
and could never be prevailed upon to look into it again." 
The Journal des Savants then goes on quaintly to re- 
mark on the various startling effects produced by these 
mirrors, winding up by stating that its powers of reflec- 
tion were so great, that at night the light of a torch or 
flambeau was reflected so perfectly that an observer 
placed at four hundred feet distant could read the small- 
est print. 

It also mentions a curious piece of superstition on 
the authority of a scientific writer ^of the name of Rob- 
ertson, who states that it happened at Li^ge. In read- 
ing the accounts of these experiments we can see how 
easily the minds of individuals were affected in those 
days by the wonderful. It happened while one of Vil- 
lette's mirrors was at Li^ge, that the latter end of the 
summer was somewhat rainy, and great fears were en- 
tertained that a bad harvest and dear bread would be 
the result. Certain evil-minded people, who had taken 
a fancy to the mirror and wished to possess it by unfair 
means, spread the report that the continual rain was 
entirely caused by its action on the clouds and sun, and 
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that the coming famine must be laid upon the shoulders 
of its owner and inventor. This absurd idea took such 
forcible possession of the minds of the populace of 
Liege, that great mobs collected together, uttering all 
kinds of maledictions against the mirror and its inven- 
tor, and at last became so violent that they attacked 
Yillette's house with the intention of smashing his great 
wcrk, and administering to the unfortunate philosopher 
the chastisement they supposed he deserved. Happily, 
however, for M. Villette and his mirror, Li^ge was 
governed in those days by the Prince Bishop of Co- 
logne, who was a man of great enlightenment. He 
put the crowds round M. Villette's to flight by armed 
force, but he found that the conviction that all the coming 
mischief would result from the unlucky mirror was 
so strong, that he was obhged to issue a pastoral pe- 
remptorily declaring that the idea had originated with a 
number of malicious people, who spared no pains to 
propagate it for their own bad purposes, and that it 
wiiS a mischievous and dangerous error to ascribe to 
a mirror a power which only belonged to the Almighty. 

In 1747, Buffon performed many extraordinary ex- 
periments with burning mirrors, which were more sur- 
prising than any that had hitherto been described. 
They were mostly performed at the Jardin des Plantes^ 
at Paris, of which institution Buffon was director ; and 
many of them are worth describing. 

On the 3rd of April, at about two o'clock in the af- 
ternoon, the great mirror was mounted on its stand, and 
was found to be capable of setting a plank of wood on 
fire at a distance of 138 feet, when 128 glasses were 
used, although the light was weak at the time, and the 
sun was covered with mist. In pursuing these experi- 
ments great care had to be taken to prevent the by- 
standers placing themselves within range of its terri- 
ble power, for several were nearly blinded by looking 
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at the brilliant focal point of the instrument. The 
next day, at eleven in the forenoon, although the sun 
was still covered with mist and fleecy clouds they were 
able to produce such a heat at 150 feet distant, with 
154 glasses, that a pitched plank began to smoulder 
and would have burnt into flame had not the sun disap- 
peared at that particular moment. On the fifth of 
April, at three in the afternoon, with the light much in 
the same weak condition as it was on the other days, 
they succeeded in igniting at 150 feet distant, a heap of 
shavings of deal mixed with charcoal and sulphur, 
in less than a minute and a half, with 154 glasses. 
When, however, the sun shone with its natural power, 
a few seconds were sufficient to efiect these results. 

On the 10th, when the sun was shining pretty power- 
fully, a pitched pine plank was easily fired with 128 
glasses, at 150 feet distant. In this case the ignition 
was very sudden, and extended over the whole of the 
radiant spot forming the focus, which at the distance 
named measured 16 inches in diameter. The same day 
at half-past two, a pitched elm plank covered in some 
places with chopped wood, was set fire to with extreme 
rapidity, and burnt with such violence that it had to 
be dipped in water before it could be put out. In 
this experiment 148 glasses were used, at a distance of 
150 feet. 

On the 11th of April, the burning point was fixed at 

20 feet distant from the mirror, and combustible sub- 
stances were easily burnt with only 12 glasses. With 

21 glasses a half-burnt elm plank was set fire to, and 
with 45 a piece of tin weighing six pounds was almost 
immediately melted. Silver sheet was fused, and an 
iron plate was made red-hot with 117 glasses. In 

fiving an account of these interesting experiments, 
luffon expresses his conviction that at 50 feet it would 
have been easy to have melted metals if all the glasses 
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of the mirrors had been used. When used at that dis- 
tance, the burning spot was six to seven inches in 
diameter. He also noticed that when metals were 
melted, part of them were dissipated in brilliant vapour, 
which was so thick as to cast a shadow on the ground, 
although it seemed to be as bright as the sun itself. 
When the sun was at its full strength, and all the 
glasses were brought into requisition, wood was set on 
fire at a distance of over 200 feet, and metals and mine- 
rals were fused at 40 and 50 feet. Hence the possi- 
bility of making and using these mirrors as Archimedes 
was said to have done, was proved practically by the 
great naturalist. Fig. 25 represents a burning mirror 
in action. 

Robertson, an English philosopher, residing in France 
during the days of the first Republic, reconstructed 
the mirrors described by historians as being used by 
Archimedes, and the results he obtained were thought 
suflficiently important by the Council of the Department 
of Ourthe to merit an attentive examination by two 
members of their body, who reported in favour of their 
being used as instruments of war. 

It would be possible to pursue this subject still fur- 
ther, and give an account of numerous experiments 
made on burning mirrors by various philosophers, but 
we must not forget that it is light and heat that we 
have more especially to deal with in the present work. 
Already we have possibly strayed from our path a little 
too far, but the two influences are so closely connected 
with each other that it is almost impossible to speak of 
them separately when reflection is in question. 



CHAPTER VIL 

LENSES. 

The void lens is derived from the L&tin name of the 
seed of the Ervum lens, or ordinary lentil. When eat- 
ing this "wholesome vegetable, almost every one has no- 
ticed that its shape is exactly that of & double convex 
lena, as represented in the following fignre : — 



Perhaps it would be more correct if we were to say that 
a double convex lens is like a lentil, rather than turn 
the comparison the other way, seeing that this little 
seed has given its name not only to the particular- 
shaped glass depicted above, but also to some five others 
more or less analogous to it, 

In Gg. 2T wc have the different forms of lenses 
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shown in section. The first is the double convex lenSj or 
crossed lenSj as it is often called by the opticians ; the 
second the plano-convexy the third and sixth the concavo- 






Flo. 27.— Formi of Leniei. 



convex or meniscris^ the fourth the double concave^ and 
the fifth the plano-concave. 

The properties of the first, second, and third are 
similar ; that is to say, they cause parallel rays of light 
passing through them to converge at a certain point, 
called their focus ; iivhile the three others have a diver- 
gent action on rays passing through them. By exa- 
mining the path of the rays through these lenses, we 
shall find that the first three magnify objects seen 
through them, while the latter have the contrary effect. 

As in the case of the curved mirrors, the rays falling 
on the surface of a convex lens may be either parallel, 
divergent, or convergent. In the case of parallel rays, 
as depicted in the following figure, they are represented 
as meeting at a point beyond the lens, which is called 
the sidereal focus, or the focus for parallel rays. It is 
generally found by causing the image of the sun or of 
some distant object to be thrown by the lens upon a 
screen, or by knowing the curvature of the faces, and 
the refractive power of the glass. 

Every ray on striking the surface of the lens is re- 
fracted inwards, until it meets with its companions at 
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the focna F, in accordance with the law of refraction, 
hj which a ray of light passing from one transparent 
Daedinm, such as air, to another which in this inetanca 
is glafis, becomes refracted or bent in proportion to the 



Fia. K.— Path of ■ R^ throagb ■ Oodt« Laai. 

relative density of the two mediae. The nearer the ray 
passes to the edge of the lens, the more it is refracted, 
the angle of incidence being greater ; the ray through 
the exact centre being uninBuenced by the form of tho 
glass. Hence they aJl meet in a single point. Figs. 
29 and 30 show the path i^ the rays when they are 
divergent and convergent. 



Fia. SO.— Path of diTtrgmt Bi^i throngh * Odbtbi Lnx. 

If the rays of light are not parallel, as in the case 
of the source of light being near the lens, they do not 
converge bo rapidly as when they proceed from a dis- 
tant object, consequently the focua for near objects is 
longef in proportion to their distance. In fig. 29 for 
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instance, if a candle be placed as shown, and a screen 
on the other side of the lens, a point will be found 
where the image of the candle ia seen upon it in a re- 
versed position. The distance between these two 
points is always relative, and they are called conjugate 
foci. Thns, the candle may change places with the 
screen with a similar effect, as long as the exact position 
of the two points is preserved. If the candle is placed 
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farther off, we must diminish the distance between the 
screen and the lens, and vice versd. In fact, the nearer 
the object, the longer the focus ; the farther it is off, 
the shorter the focus. Half an hour's experiment 
with a double convex lens, a piece of white card-board, 
and a small candle, will teach the stadettt more about 
the properties of convex lenses than a chapter of ex- 
planation. A common magnifying glass, or even an 
old spectacle lens, will serve the purpose of more ex- 
pensive instruments. 

We now proceed to speak of the images formed 
by lenses. Id fig. 31 we nave a flower placed on one 
side of a lens. A.s it is not at an infinite distance, the 
rays sent out by its various parts are convergent, and 
not parallel, consequently they do not meet at the 
sidereal focus, but at a point beyond it, according to the 
rule already laid down. The rays proceeding from the 
exact centre of the flower striking the lens exactly in 



the middle at right angles, suffer no change, the others 
being refracted in proportion to their angles of inci- 
dence. 




igm fbnnad by Con' 



The rays proceeding from the flower cross each other 
at a certain point: hence the image on the screen ia 
reversed. The dimensions of the image will depend on 
the distance of the ohject from the lens. This is a fact 
we meet with every d^, when using an opera-glass or 
a telescope. Images formed by convex lenses upon a 
screen are called By opticians real imagea, in contradis- 
tinction to those which are the result of mere reflection, 
as in the case of plane mirrors. These latter are known 
as virtual images and are produced by convex lenses 
as well as by plain reflecting surfaces. In fig. 32, for 
instance, the unreversed image of the insect seen by the 
eye is not a real image, but a virtual one, — a fact that 
might be easily proved by placing a screen in the posi- 
tion of the eye, when it would he found thai no image 
would be formed. 

When using an ordinary magnifying-glass we see the 
virtual image of the object we are looking at, but in the 
case of a telescope or opera-glaaa we see the real image 
of the object, formed by the large lens in front, and 
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reversed again by the arraDgement of small lenses next 
to the eje. 
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Double concave lenses produce effects whict are just 
the reverse of those we have been considering. Instead 
of iocreasing in thickness from the edges to the centre, 
they follow the contrary plan, and increase from the 
centre to the edges. Consequently, instead of the raya 
meeting at the focus, they diverge from each other, and 
graduallj spread out, as shown in fig- 33. 



ilolihlDg Effsot of CODQ 



The above figure shows the path of the rays proceeding 
from the vase, and meeting the eye at such an angle 
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that the virtual image is greatly diminished. Concave 
lenses, as the student has no doubt already guessed, do 
not give real images. 

The effects produced by the action of concave mirrors 
may be produced with just as much facility by convex 
lenses. If a body is placed in a focus of a lens which 
receives the direct rays of the sun, the heat as well as 
the light will be concentrated at one point ; and if the 
object is combustible, it will take fire sooner or later, 
according to the size of the lens. All the experiments 
mentioned by Buffon as being produced by a concave 
mirror are equally obtainable with a concave lens. 
When of sufficient diameter, the most refractory metals, 
such as platinum or iridium, may be melted and dissi- 
pated into vapour. Before lucifer matches and vesu- 
vians were as common as they are now, it was not at 
all unusual to find smokers carrying a small burning- 
glass and a piece of tinder, for the purpose of lighting 
their pipes or cigars; and there hardly exists a boy who 
has not lighted a bonfire in the fields or playground by 
means of an old spectacle lens or telescope glass. 

Amongst other applications of this property of lenses 
may be mentioned that of causing guns to fire at a 
certain time, by arranging a small burning-glass above 
the touch-hole. In the Gardens of the Palais Royal, at 
Paris, there is such a gun, so arranged that on sunny 
days it fires exactly at noon, or, in other words, at the 
moment the sun comes to the meridian. Every fine 
day towards twelve o'clock, crowds of Parisians who 
have nothing to do may be seen bending their steps 
towards the Palais Royal to set their watches by the 
gun, which they believe to be superior as a time-keeper 
to the finest chronometer in the world. There they 
stand, most of them old fellows with a scar or two about 
their faces, showing that they have nobly won the rest 
they appear to enjoy so innocently and calmly with 
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vatch in hand, leaning against the railings, and waiting 
with impatience the moment when true solar noon is 
indicated by the sharp report of the little piece. Their 
belief in the correctness of solar time is something 
astonishing ; and if a bystander were to insinnate, no 
matter how delicately, that solar time varied slightly 
every now and then, he would either receive a emile of 
pitying contempt, or else he would be called ont npon 
the spot. Fig. 34 gives a pretty view of the celebrated 
cannon of the Palais BiOyal. 

We now come to another application of the refract- 
ing power of lenses, in the way of concentrating rays, 
which is infinitely more valuable to humanity than 
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either of those we have just mentioned ; we mean the 
construction of enormous refracting apparatuses for 
lighthouse purposes. The first lighSiouse of which we 
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have any record is that which was erected on the island 
of Pharos, by Ptolemy Philadelphus, in the year 470 
of the foundation of Rome. This was merely a tower, 
upon the top of which fires were kept burning at night; 
but as the world progressed, the blazing tar-barrel or 
wood fire gave place to the carefully-constructed lamp 
and silvered reflector apparatus, which are fast disappear- 
ing in their turn before the electric or Drummond light 
and the refracting apparatus constructed by Fresnel, 
who was the first to endeavour to abolish the old- 
fashioned and inefScient metallic mirror from the 
lanterns of lighthouses. Fig. 85 shows a section of 
Fresnel's apparatus. A is a plano-convex lens of about 
a foot in diameter, whose focus corresponds with those 
of the concentric lenticular rings of glass which sur- 
round it, and which are seen more plainly in fig. 36. 
These rings, which are ground and polished with the 
greatest accuracy, are somewhat in the shape of an 
ordinary quoit, and are equivalent to a plano-convex 
lens with the centre portion cut out. This arrangement 
is so powerful that the distance at which a light pro- 
vided with it can be seen is only limited by bad weather, 
the state of the atmosphere and the distance of the 
horizon. It is common for such lights to be seen at a 
distance of between fifty and sixty miles. The ap- 
paratus is mostly arranged in the form of an octagon, 
and is generally provided with additional reflecting 
mirrors at those parts above the light which are out of 
the range of the lenses. The light shining fully in eight 
directions at one time, can scarcely be missed by any 
bhip within range; but in order to guard against any 
possibility of accident, the optical apparatus is often 
made to revolve by clockwork, so that every point of 
the ocean is illuminated in turn. By using coloured 
glasses, or by causing the light to disappear at distinct 
intervals, difierent lighthouses may be identified by 
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ships that are out of their reckoning. Fig. 36 repre- 
sents the interior of the lantern of a first class light- 
house, showing the arrangement of the lenticular rings 
round the central lens. If ever the student should 
pass through Havre, he should not miss the oppor- 
tunity of seeing this noble apparatus, which is one of 
the finest ever manufactured. 



M^—Ltatm at a Flnt-clui Ugfathouu. j^ 



OPTICAL INSTRUMENTS. 141 



CHAPTER VIII. 

OPTICAL INSTRUMENTS. — THE SIMPLE AND COMPOUND 
MICROSCOPE. THE SOLAR AND PHOTO-ELECTRIC MI- 
CROSCOPE. 

The lenses and mirrors whose properties we have 
been considering in the previous chapters, have bfeen 
combined in different ways for the purpose of exami- 
ning objects too small or too distant to be perceived by 
the human eye. To instruments used for the former 
purpose the name of microscope has been given, from 
two Greek words signifying small and to see. In like 
manner the name of telescope is also derived from two 
Greek words, meaning distant and to see. Besides 
these two classes of optical instruments, others have 
been devised to facilitate the depicting of natural 
objects, either by means of the pencil or of photo- 
graphy, or to amuse the eye by optical illusions. Thus 
we have the camera obscura, the camera lucida, the 
magic lantern, the phantasmagoria, and numberless 
other instruments of the same sort, most of which will 
be described in the latter part of this book. 

There are two sorts of microscopes, the simple and 
the compound ; the one consisting of a single convex 
lens, and the other of several combinations of both 
convex and concave lenses. 

When speaking of convex lenses, we described the 
properties of the ordinary magnifying glass, or simple 
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microscope. The uses of this instrument are almost too 
well known to need description. It is used by old 
people, the lenses of whose eyes have become flattened 
by old age, by watchmakers for examining the minute 
portions of their work, by jewellers for the same pur^ 
pose, and by most people for examining maps, engra^ 
vings, and photographs. Simple microscopes are 
generally mounted in horn, ivory, or metal handles for 
convenience' sake. Some simple microscopes consist 
of two or more lenses mounted together in order to in- 
crease the magnifying power. The student must dis- 
tinguish between several lenses mounted together in 
this way, and the true compound microscope, which is a 
comparatively complicated optical arrangement, as we 
sliall see presently. When two single lenses are thus 
mounted together, the power of the combination is equal 
to the powers of each added together. 

There is good reason for supposing that the simple 
microscope is a comparatively ancient invention. Sen- 
eca, who lived in the first century, declares that in his 
time it was well known that, when writing was looked 
at through a globe full of water, it appeared larger and 
blacker. In the eighth century we find the use of mag- 
nifying spectacles for old j)eople common in most coun- 
tries, and yet it was only at the beginning of the seven- 
teenth century that a true optical instrument, in the 
form of a telescope, was invented. It only needed the 
placing of two magnifying glasses in a line to discover 
the principle of the telescope, but nearly a thousand 
years elapsed after the first introduction of these glasses 
before an accident rendered the principle evident. 

In fi^. 87 we see the commonest form of microscope 
in the hands of an observer; and by examining the 
following; fi^re and tracing out the path of the rays, 
we shall easily discover tbe principles on which its 
action depends. 
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^ The object to be looked at is placed at a (fig. 38), od 

qM a piece of thin glass usually called a »lide. A Btnall 
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convergiiifr lens placed at b collects the rays proceeding 
from the object, and transmits them as far asc d, where 
they come under the influence of a second converging 
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lens B, which caases them to spread out still more be- 
fore they reach the eye. Consequently we not only 
see the image of the object magni- 
fied by the lens J, but still more en- 
larged by the action of the lens B, 
andappearing considerably enlarged 
at D. The lens placed in front of 
the object is called the objective or 
objeet-glass ; that placed nearest the 
eye, the eye-piece. These names 
apply equally to the similar lenses 
used in telescopes and other optical 
instruments. The instrument shown 
in fig. 88 is the simplest possible 
compound microscope, and is very 
rarely used. The eye-piece is gen- 
erally constructed of two lenses, and 
the object-glass of as many as eight ; 
the object in multiplying the lenses 
being, not only to increase the mag- 
nifying power, but to decrease cer- 
tain defects inherent in all lenses 
whose surfaces are parts of spheres. 
The amplification depends mainly 
upon the power of the objective, 
but difierent eye-pieces are also used 
to increase the apparent size of the ^^^;;^im^2^]^'' 
objects to be examined. Thanks to 
the investigations of modern philosophers, we are ena- 
bled to magnify objects to 2,000 times their diameter 
with perfect distinctness ; that is to say^ the surface of 
the object appears to occupy 4,000,000 times its natu- 
ral extent. Under such a power a hair would appear 
about six inches thick, a fine needle would look like a 
street post, and a grain of sand like a mass of rock. 
Although it is possible to employ compound microscopes 
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of such a high magnifying power in the investigation 
of certain classes of objects, all ordinary preparations 
are best seen under a power of 600 or 600 diameters. 
It would be utterly impossible to give our readers the 
slightest idea of the benefits conferred on the human 
race by this marvellous instrument. SuflSce it to say, 
that no naturalist or surgeon ever attempts the most 
sii^ple investigation into the structure of any hody 
without the aid of the microscope. It has already 
shown us that a world of creatures exists which, although 
invisible to the eye of man, are possessed of wonderful 
forms, colour, and heauty of structure, and is daily 
adding to our knowledge in this direction. We can 
hardly submit any substances to this marvellous instru- 
ment without discovering animal or vegetable life of the 
most vivid character. A drop of scum from the surface 
of a stagnant pool is instantly seen to be peopled with 
animal and vegetable life, when submitted to microscopic 
examination. At one moment a rolling ball glistening 
like glass slowly revolves past our view ; then a little 
fellow like a piece of spiral spring screws his way along, 
backing when he meets with an obstacle ; or a shuttle'^ 
shaped vegetable, apparently made of glass, with green 
balls inside him, slowly works his way from side to side, 
or, possibly, a mad battledore-shaped being dashes past 
at an inconceivable rate. 

As it is indispensable that the object should be well 
lighted, a concave mirror is placed below it to reflect 
the rays of light from a lamp or white cloud, through the 
object when it is transparent. When it is opaque, it is 
illuminated by the rays of light being concentrated 
upon it by means of a convex lens. The name microscope 
appears by common consent to be applied more parti- 
cularly to the compound instrument, the epithet of 
magnifier or magnifying-glass being kept for simple 
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microscopes, although they are all, strictly speaking, 
microscopes. 

In the ordinary compound microscope, it is only 
possible for one person to see the object to be examined 
at once ; for popular exhibitions of microscopic objects 
the reflecting microscope has been devised, by means of 
which the images of the objects to be looked at are 
thrown upon a screen. The principle of this instrument 
is the same as that of 'the magic lantern and phantas- 
magoria, of which we shall speak presently. Fig, 39 
(see next page) represents the photo-electric microscope, 
so called from the objects being reflected by the electric 
light. 

The jars seen on the ground are the cells of a voltaic 
battery, by which the electricity is generated. The 
luminous rays starting from the incandescent charcoal 
points are reflected through the tube and its lenses by 
the reflector placed at the back of the instrument, and 
are concentrated upon the object to be magnified. The 
image thus produced passes through a second system of 
converging lenses, and is projected upon the screen 
magnified some millions of times according to the power 
of the object-glass employed. 

" The experiments made with the photo-electric micro- 
scopes," says M. Ganot, "are amongst the most curious 
and pleasing to be found in the whole range of physical 
science. With this instrument it is possible to show the 
smallest objects magnified almost indefinitely to an un- 
limited number of spectators. A human hair will appear 
as large as a broomstick, an ordinary flea will look the 
size of a sheep, and the tiny cheese mite, as well as the 
smallest animalcules, will be visible in all their beauty of 
form and colour as clearly as if they were seen with the 
naked eye. One of the most remarkable experiments to 
be made with this instrument is that which shows the 
circulation of the blood. The tail of a live tadpole 
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is inserted between two plates of glass, or on an instru- 
ment specially made for the purpose, and placed in the 
miuroBCOpe armed with a somewhat low power. The 



spectator immediately perceives upon the screen a masa 
of rivers and rivulets, all Sowing with the red corpuscles 
forming the blood gf the animal, and rushing through 
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its veins and arteries with inconceivable rapiJitj, 
Another interesting experiment consists in dissolving a 
small quantity of sal-ammoniac in warm water, and 
passing a small portion of the solution across a warm 
glass slide. When placed in the microscope the water 
gradually evaporates, leaving behind a mass of feathery 
crystals, whose growth may be watched atom by atom, 
each crystalline molecule grouping itself around the 
others in forms resembling a mass of fern-leaves." 

The apparatus we have been describing is sodietimes 
illuminated with the rays of the sun, as in the follow- 
ing figure. 



It is then called the solar microscope, and exhibits 
objects with great beauty and clearness. The use of the 
sun's rays, however, has, in our own country at least, 
been entirely superseded by the electric and lime light. 
The latter method of illumination, which consists in 
projecting a, stream of oxyg_en and hydrogen upon a 
ball of lime, is cheaper and more certain than the elec- 
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trie light, although the latter is possibly the more bril- 
liant of the two. The construction of the solar micro- 
scope diflFers but little from the instrument already 
described, and may be readily understood frcm the 
foregoing figure. The large mirror is placed outside 
the window of the room in which the microscope stands, 
so that the solar rays are reflected upon the surface of 
a series of convergent lenses, and from thence on to 
another mirror, from which it is again reflected through 
the microscope. As the position of the sun is constantly 
changing, it is necessary to connect the outside mirror 
with a train of clockwork. It may be mentioned that 
an instrument of this kind, for reflecting the sun's rays, 
is called a heliostat. 

The student will, no doubt, at once perceive* that if 
we concentrate the light of the sun upon an object, we 
shall also concentrate the heat, and. either melt or con- 
sume it. A screen is therefore used in such cases, 
which will allow the light to pass while holding back 
the rays of heat. A solution of alum is found to answer 
the purpose admirably. 
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CHAPTER IX. 

THE TELESCOPES OF GALILEO, GREGORY, NEWTON, 
HERSCHEL, LORD ROSSE, AND FOUCAULT. 

If history has failed to furnish us with the name of 
the inventor of the microscope, we have very exact in- 
formation as to the first experimenters upon the powers 
of the telescope. 

"In the archives of the Hague," says Arago, "wo 
find documents, by the aid of* which Van Swieten and 
Moll have come to a decisive conclusion as to the first 
and true inventor of the telescope." 

We read in these documents that a spectacle-maker 
of Middleburg, named John Lippershey, addressed a 
petition to the States- General on October 2, 1606, in 
which he asked leave to take out a patent, which should 
constitute him the only maker of this instrument, or 
which should confer upon him an annual pension, on 
the condition of not manufacturing them for other na- 
tions. The petition qualifies the instrument as serving 
to see distinct objects, as had already been explained 
to the members of the States-General. 

On the 4th of October, 1608, the States-General 
appointed a deputy from each province to experiment 
on the new instrument, which was placed on a tower of 
the palace belonging to the Stadtholder. Huggard 
says that the first telescopes experimented on were a 
foot and a half in length. 



THE TELESCOPE. 151 

On the 6th of October, the commission declared the 
instrument of Lippershey to be useful to the nation, but 
demanded tliut it should be made for two eyes instead 
of one. 

On the 9th of December, Lippershey, having an- 
nounced that he had solved the problem. Van Dorth, 
Magnus, and Van der Au were ordered to verify the 
fact, which they did by making a very favourable re- 
port on the 11th of the same month. The binocular 
instrument was therefore found to answer. 

In reading the extracts from the archives of the 
Hague, given by Moll, we may remark witli great plea- 
sure the promptitude with which the commissioners of 
the States-General examined Lippershey's instruments. 
But their satisfaction soon gave way to displeasure, 
when they found a large number of opticians making 
these instruments, and selling them to foreigners, like 
so much spice from the East Indies. Later on one feels 
indignant at finding the commissioners of the States- 
General to be so wanting in proper feeling as to decide 
that the telescope must be considered imperfect until it 
could be used with both eyes, without either winking or 
seeing the reflection of the pupils in the eye-pieces. 
Consequently, instead of being permitted to expend hia 
talent on perfecting the optical powers of the single 
telescope, Lippershey saw himself condemned to waste 
his time upon the double instrument. The States-? 
General finished by giving Lippershey 900 florins ; but 
they refused him a patent, on the ground that it was 
already notorious that other opticians had commenced 
the manufacture of similar instruments. 

Amongst others who were rivals of Lippershey, we 
must mention John Adrian Metius, the son of Adrian 
Metius, of Amsterdam, who discovered that the nearest 
relation of the circumference of a circle to its diameter 
was 355 to 113. He addressed a letter to the Stat;es- 
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General on the 17th of October, 1608, conceived in the 
following terms : — 

*' After two years' labour and thought I have succeeded 
4n making an instrument, by the aid of which objects 
which are too distant to be visible by the eye, are seen 
plainly. The one I show, although constructed out^pf 
bad materials, and simply as an experiment, is, in the 
judgment of the Stadtholder and of several other per- 
sons, as good as the one lately presented to the States- 
General by a citizen of Middleburg. I am sure of im- 
proving it still further in the course of time, and I beg 
to ask for a patent by which any person who is not 
jilready in possession of this invention will be forbidden, 
under pain of a heavy fine and confiscation, to make- or 
sell similar instruments for twenty-two years." 

The States General refused to grant the patent in 
this case also, but enjoined Metius to perfect his instru- 
ment, reserving to themselves the power to reward him 
in the future if they thought fit. 

In Italy, Galileo is generally supposed to have dis- 
covered independently the method of making a telescope 
on the principle of the Dutch philosophers, about the 
beginning of 1609, having received a very imperfect 
account of these instruments somewhere about that 
time. It may be remarked that in his letter to the 
chiefs of the Venetian Republic, giving an account of 
the properties of these new instruments, Galileo states 
that, if necessary, they could be made specially for the 
use of the navy and army belonging to the state. But 
secrecy was useless, for telescopes were already made 
and sold in Holland at a cheap rate. Besides, Galileo 
makes no allusion to the labours of his Dutch predeces- 
sors, either in a prior letter handed down to us by 
Venturi, or in the decree of the Venetian Senate, dated 
August 5, 1609. 

The Italian commentators are in error when they 



THE TELESCOPB. 153 

attribute the second discovery of the telescope to the 
knowledge that Galileo possessed of the laws of refrac- 
tion, and that it was by deductions therefrom that he 
was enabled to construct his drst instruments. 

Huyghens says, in his Tre^xtise on DioptricSj " I will 
unhesitatingly place that man above all mortals, who, 
by the aid of his own reflections and without the aid of 
accident, first succeeded in constructing a telescope." 

"Let us see," says Arago, when speaking on this 
subject, " if Lippershey and John Adrian Metius ^ere 
men of unparalleled powers." 

Hieronymus Saturnus tells us that an unknown man 
of genius called upon Lippershey, and ordered from him 
a number of convex and concave lenses. At the time 
agreed upon the man returned, and chose two, one con- 
vex and the other concave, and, placing them one before 
his eye and the other at some distance from it, drew 
them backwards and forwards, without giving any ex- 
planation of his manoeuvres, paid the optician, and left 
the place. As soon as he was gone, Lippershey began 
immediately to imitate the experiments of the stranger, 
and soon found that distant objects were brought* appa- 
rently nearer, when the lenses were placed in certain 
positions. He next fastened them to the ends of a tube, 
and lost no time in presenting the new instrument to 
Prince Maurice of Nassau. 

According to another version, Lippershey's children 
were playing in their father's shop, and were looking 
through two lenses, one convex and the other concave, 
when they found to their surprise that the vane on the 
clock-tower of Middleburg Church was greatly magni- 
fied and apparently brought nearer. The surprise ex- 
pressed by the children having awakened the attention 
of Lippershey, he tried the experiment of fixing the 
lenses on a piece of board ; afterwards he tried it again 
by fixing them at the ends of two pieces of tube, eliding 
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in each other, and succeeded in making the first tele- 
scope on record. 

The principal documents from which the above facts 
touching Lippershey have been extracted, are to be 
found in a memoir on the subject by Olbers, printed in 
Schumacher's Astronomical Annual for 1843. 

It was said in the time of Galileo that he had in his 
possession a telescope by the aid of which he could see 
the birds flying at Fiesole from the window of his palace 
in Florence. This story does not in the least detract 
from the merit of the illustrious astronomer, who not 
only constructed a telescope for himself, but was the 
first to direct it heavenwards, and that too by purely 
theoretical researches ; for in spite of all the documents 
adduced above, there is little or no proof that he had 
ever seen or heard of the Dutchman's telescope. It is 
only right, therefore, that the instrument constructed 
on this principle should be called the Galilean tele- 
scope. He afterwards increased its power from four to 
thirty times, beyond which he could not get with the 
means at his command. With his imperfect instruments 
Galileo discovered the satellites of Jupiter, the moun- 
tains of the moon, and the spots on the sun, and earned 
for himself the name of Lynceus, who according to the 
ancients was one of the Argonauts, possessed of the 
power of seeing through a wall. Towards the end of 
his life, when the old man was blind, and the Academy 
of the Lincei treated his hypotheses with disdain, he 
would laugh sadly at the name bestowed on him, and 
the obstinate Academy. Fig. 41 (see next page) 
shows the path of the rays in a. Galilean telescope. The 
object-glass o is double convex, and the eye-piece obi- 
concave. The image is formed between 'these lenses, 
and the eye appears to see it at that point. The States- 
General complained of being obliged to shut one eye 
when looking through a telescope, but in 1671 a good 
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Capuchin monk, whose name was Cheruhino, placed two 
telescopes together, little thinking that the moderns 




Fig. 41.— Tbe*Oulilean Telescope. 

would imitate him in that very worldly instrument, the 
opera-glass. 

Everybody has noticed that when objects are close to 
us they appear larger than wh^ they are at a distance ; 
it accordingly amounts to the same thing whether, in 
speaking of the power of telescopes, we say they mag • 
nify twice, four times, or a hundred times, or that they 
are brought within half, a quarter, or a hundredth of 
their distance. Thus there is a telescope at Lord Rosse's 
Observatory, at Parsonstown in Ireland, which is the 
finest yet constructed. Its highest magnifying power 
is 6,000, therefore every object we look at with it is 
brought within the 6,0()0th of its distance from us. 
Looking at the moon, for instance, we know that our 
satellite is distant some 240,000 miles from us ; we 
have, therefore, only to divide that number by 6,000 to 
find that by means of this wonderful instrument the 
moon is brought within 40 miles of the earth. This 
statement, however, is not strictly true, for it supposes 
the whole of the apparatus used to be theoretically per- 
fect. 

Kepler, whose great name is now-a-days always asso- 
ciated with that of Galileo, but who during their life- 
time was somewhat his rival, substituted for the single 
lens forming the eye-piece a combination consisting of 
two convex lenses, in order to obtain a larger field for 



156 THE W0HDBR8 OP OPtlCS. 

observation than that given by the single bi-concave. 
TMb combination ia commonly known as the astronomi- 
cal eje-piece. It reveraes the object looked at, but 
for aatrouomical purposes this defe<]£ is of no conse- 
quence. 



Sia. 42.— Tha AilrnnomlcAl TsImcoim. 



The instrument shown in the above figure repre- 
senta an astronomical telescope reduced to its simplest 
form. 

Fixed parallel to the axis of" the larger telescope is 
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the finder, a small telescope of low power and large 
field, used for finding celestial objects not easily visible 
to the naked eye; It is so arranged, that when the 
object is found and carried to its centre, it is also in the 
centre of the field of the larger instrument. The handle 
and the two toothed wheels serve to raise or lower the 
telescope, which is movable on the horizontal axis, 
which supports it in front, so that it may be directed to 
any part of the heavens the observer may desire. 

The following figure shows the arrangement of the 
lenses, and the path of the rays through them, in tele- 
scopes of this form. 




Pig. 43.— Section of an Astronomical Telescope. 

The convex lens which serves as an object-glass, gives 
at a 6 a reversed image of the star A B. The small con- 
vex lens which acts the part of an eye-piece, enlarged 
this reversed image without changing its position, and 
causes it to be seen in the line a' b'. This eye-piece is 
fixed at the extremity of a tube, which is smaller than 
that containing the object-glasi?, and slides easily back- 
wards and forwards from the spot where the image a b 
IS found. The latter is an indispensable condition, for 
it is rare to meet two persons whose eyes are of the 
same focus ; besides, the image a b will fall at a different 
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Eipot for objectft at different distaAces : thus, if you are 
looking at the- moon, and suddenly turn the instrument 
on to a distant nebula, you will find that the eye-piece 
requires adjusting. In showing ordinary observers an 
object in the telescope, it is well to insist on their moving 
the eye-piece backwards and forwards until distinct 
vision is obtained, for it often happens that people will 
say they seo an object quite distinctly, when it is in 
reality misty, and will generally refuse to allow the 
focus to be altered. It is very singular how human 
vanity or complaisance will step in when some persons 
are looking through a telescope. They seem to think 
that there is some disgrace or rudeness involved in their 
not being able to see what their predecessors at the 
instrument have seen. Poor John Leech leaves us an 
amusing instance of this in a comic cut inserted in 
one of the early numbers of our old friend Punch. A 
gentleman is endeavouring to show a lady a distant 
steamboat through a telescope, but she has it acci- 
dentally pointed at two swans that are swimming on 
the margin of the lake below ; consequently when he 
asks her if she sees the steamer, she replies that 
''she sees it most distinctly, and there are two of 
them," a pretty good proof that the instrument was 
not only pointed at the wrong object, but was out of 
focus as well. 

In constructing a telescope similar to the one de- 
scribed above, the object-glass ought to be of consider- 
able diameter and of long focus ; the eye-piece, on the 
contrary, should be comparatively small and of short 
focus. A little consideration will show the reason of 
this. An object-glass of long focus will form a large 
image at the point a i, and the eye-piece of short focus 
will magnify this image more than another lens of less 
convexity. It is, however, on the size, length of focus, 
and perfection of workmanship of the objective that the 
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excellence of the telescope depends ; large object-glasses 
are consequently rare, and are only to be found in ob- 
servatories of the first class. The object-glass of tho 
large telescope at the Observatory set Paris is nearly 
fifteen inches in diameter, and the highest magnifying 
power capable of being employed with it is 3,000. The 
Observatory of Pulkowa, near St. Petersburg, possesses 
a similar instrument, and the Observatory at Cambridge, 
United States, a still larger one, measuring between 
eighteen and nineteen inches in diameter. But the 
largest of all is an objective in the possession of Mr. 
Buckingham, an amateur astronomer, who has an ob- 
servatory near London, which is twenty inches in dia- 
meter, and twenty-eight feet in focal length. 

The eye-pieces of astronomical telescopes are of dif- 
ferent powers, and are changed according to the class 
of object to be observed. Thus, in taking a general 
view of the moon, a low power would be used. If you 
wished to examine any particular mountain, you would 
raise the magnifying power by inserting a stronger eye- 
piece. The power used also depends on the state of the 
atmosphere. For instance, on warm evenings, when the 
air is charged with moisture, the tremulousness of the 
atmosphere is so great, that it is often only possible to 
use the very lowest power. By combining four convex 
lenses together, we obtain what is called a terrestrial or 
erecting eye-piece, which has the property of re-reversing 
the image formed by the objective. The eye-pieces of 
all telescopes for use on land or at sea are made on this 
principle. The same effect may be obtained, as we have 
already shown in fig. 41, by using a concave lens, but 
in this the magnifying power is much diminished. 

Hitherto we have only spoken of refracting telescopes 
or those instruments provided with a concave object- 
glass, to collect and refract the rays of light given off 
by the object we are desirous of examining; but there is 
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another and very important class of instrument?^ in 
which the object-glass is replaced by a reflecting mirror. 
The first reflecting telescope was invented by Dr. Gre- 
gory, an English philosopher, about 1650. It con- 
sisted of a brass tube, at the lower extremity of which 
was fixed a concave mirror made of'metal, and provided 
with a hole in its centre for the insertion of the small 
tube containing the object-glass. Towards the other 
end of the telescope was placed a second and smaller 
mirror, which reflected the image formed by the large 
mirror, through the eye-piece to the eye. The follow- 
ing figure will show the path of the rays in the Grego- 
rian telescope. 




Fig. 44.— Section of the Oregoriaa Telescope. 

The rays A b, proceeding from the object at which 
the instrument is pointed, are first r^ected from the 
surface of the principal mirror M M on to the small 
mirror m^ whence they proceed to form a magnified 
image at a 6, which is then again enlarged by the eye- 
piece appearing to the eye as if placed at a' b'. The 
focus in the Gregorian is altered, not by sliding the 
eye-piece backwards and forwards but by moving the 
mirror w, which is provided with a long screw, to which 
is attached a handle. At first sight a reflecting tele- 
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scope has the appearance of a verj stampy-lookiDg re- 
fracting instrunient, but one instant's examination will 
show the observer that the usual object-glasB is absent 
at the end of the tube. In fig. 45 we have a Gregorian 
telescope, mounted on a tripod staad. 



no. 45.-^regorlui Tel< 



Whilst experimenting on the Gregorian telescope, 
Newton made certain improvements in its construction, 
which we shall proceed to describe. A glance at £g. 
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4& will show that the path of the rays is much more 
simple than in the instrument we have just noticed. 




Fio. 46. — Section of a Newtonian TeloMiope 

The rays of light A b are first reflected from the 
concave mirror M on to the surface of the small plane 
mirror m, which is placed at an angle of 45°, and re- 
flects them as far as the point a' b', where they form 
the image to be magnified by the object-glass. It is 
therefore at the aide of the instrument, and not at the 
end, as hitherto, that the observer is placed, and at 
right angles to the path of the rays. Observers look- 
ing at an object through a Newtonian telescope for the 
first time are generally suflSciently astonished to find 
that there is really no difficulty after all in seeing round 
a corner. We shall presently return to the subject of 
Newtonian telescopes, which were abandoned by astro- 
nomers for many years, until they were brought into 
use again by M. Foucault, a distinguished French phi- 
losopher. 

Towards the end of the last century Sir William 
Herschel invented and constructed the reflecting tele- 
scope which bears his name. His great object was to 
avoid the loss of light consequent on the double reflec- 
tion which took place in all instruments constructed up 
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to that time, and he succeeded at last in making a tel- 
escope in which the observer looked directly through the 
eye-piece at the image formed by the mirror, which was 
inclined in such a manner chat the rays were reflected 
to the lower edge of the open end of the tube. In 
using this kind of telescope the observer is placed with 
his back to the object he wishes to examine, a position 
that is even more astonishing to those unaccustomed to 
the use of a Herschellian telescope than the one assumed 
when employing an instrument of the Newtonian con- 
struction. This position has the defect of causing a 
small portion of the rays proceeding from the object to 
be intercepted by the head of the observer, but the 
amount of light lost is so small in comparison to the 
size of the mirror that in practice it amounts to nothing. 

The dimensions of the telescope constructed by Her- 
schel were enormous for that day. It measured 40 feet 
long, and the mirror was 4} feet in diameter. It was 
supported by a complicated system of Ecaffolding, pul- 
leys, and cords, and was capable of magnifying an object 
6,000 times. It was by means of this splendid instru- 
ment that Sir William Herschel made those wonderful 
discoveries in astronomy which are inseparably associa- 
ted with his name. With it he discovered the planet 
Uranus, many of the double stars, and a large number 
of nebulae, which up to that time were unknown. His 
bon. Sir John Herschel, inherits his father's talents as 
an astronomer, and has enriched science with number- 
less observations and discoveries of the greatest impor- 
tance made with this fine instrument. Fig. 47 shows 
the construction of the Herschellian telescope, and the 
path of the rays may be easily followed by the student 
without any help from us. 

The vulgar, ever prone to make mountains out of 
molehills, magnified the power of Sir William Herschers 
telescope beyond all bounds. Stories were circulated 
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about his having given a dinner in the interior of the 
tube to a select party of friends, but as the diameter 
of the telescope was only a little more than 4J feet, the 
entertainment, to say the least of it, would have proved 
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Fio. 47 .—The Ilerschelllaii Telescope. 

somewhat inconvenient to the guests. Another story, 
which was credited by great numbers of people, was 
that he had discovered inhabitants in the moon, but that 
he hesitated to make the matter public for fear he should 
be prosecuted for spreading atheistical notions. In fact, 
the tales told of Sir William Herschel's telescope were 
endless, and caused the astronomer great inconvenience 
by attracting crowds of idle people to the neighbour- 
hood of Slough, where he vainly endeavoured to carry 
on his investigations in peace and quietness. It was in 
vain that these silly assertions were disproved again 
and again. Having once believed them, people were 
slow to reject them, and the story of the dinner was 
told over and over again for many years. 

The instrument above described is one of those known 
9iS front view telescopeSy on account of the image of the 
star being reflected from the surface of the mirror, 
which was placed obliquely at the bottom of the tube 
in front of the observer, who examined it by means of 
the eye-piece without any other reflection taking place, 
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thereby effecting a saving of light, which fully compen- 
sated for any loss caused by the miri^J^pr being placed 
askew. The concave mirror made by Herschel alone 
weighed a ton, to say nothing of the enormous tube and 
its fittings. Herschel had consequently to invent a 
special apparatus for holding and moving this gigantic 
instrument. The moving gear consisted of a mass of 
beams, pulleys and cords, reminding one more of the 
rigging of a ship than of a philosophical instrument. 
The apparatus for moving the telescope appeared so 
complicated to the casual observer, although in reality 
it was very simple, that it doubtless contributed in no 
small degree to the propagation of the fanciful stories 
we have already spoken of. 

The performances of this splendid instrument hardly 
came up to the expectations of those who saw it in pro- 
gress. Herschel, it is true, was enabled by its means 
to use a power of from 3 to 6,000, but he could only 
use these amplifications on a few objects — the planets, 
for instance, giving so little light under a high power 
as to become indistinct and misty. In 1802 Baron von 
Zach, in his Monthly Astronomical Compendium^ went 
so far as to say that this colossal instrument was not of 
the slightest utility, that no discovery had ever been 
made with it, and that it ought to be considered merely 
as an optical curiosity. Subsequent events, however, 
proved very conclusively that Baron von Zach was ut- 
terly wrong in his statements and prophecies. 

The telescope constructed by Herschel, although 
very wonderful for the day in which it was made, has 
long since been eclipsed by that belonging to Lord Rosse, 
and erected by his late father at Birr Castle, near 
Parsonstown in Ireland. It is superior to Herschel's 
instrument both in point of size, and workmanship. 
The late Lord Bosse, not fearing that his dignity 
vouldbe compromised by such an act, went boldly to 
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work, and learned to polish mirrors like an ordinary 
workman, the consequence of which was that he could 
bestow unusual pains upon the finishing of the speculum. 
His Lordship not only learnt the mere handicraft of 
speculum polishing, but went deeply into the engineering 
difficulties of the operation, and succeeded in inventing 
many improvements for diminishing labour and ren* 
dering the form of the surface more perfect. The 
specula ground and polished under Lord Rosse's method 
are almost entirely free from what is called spherical 
aberration, — that is to say, all rays proceeding from 
a single point of light, such as a star, are collected into 
a single point instead of being scattered in a round 
mass. This freedom from spherical aberration is of 
course necessary to produce perfectly distinct images. 
In his Life of Newton Sir David Brewster calls it one 
of the most marvellous combinations of art and science 
yet seen in the world. 

The tube of Lord Bosse's instrument is 55 feet long, 
and weighs 6^ tons. In form it may be compared to 
the chimney of a steamboat of enormous size. At one 
end it terminates in a kind of square box, within which 
is contained the mirror, whose diameter is 6 feet, and 
which weighs nearly 4 tons. The weight of the whole 
apparatus is consequently nearly 10^ tons, or four 
times as much as Herschers. It is erected on an 
oblong mass of masonry, 75 feet in length from north 
to south, between two solid walls nearly 50 feet high, 
which serve as supports for the mechanism intended to 
move this enormous tube in all directions. To the 
walls are also fixed movable staircases with platforms 
that can be brought up to the eye-piece with the great- 
est facility, no matter in what position the telescope 
may be placed. This noble instrument has penetrated 
space to a distance perfectly unattempted before its ex- 
istence, and has resolved numerous nebulae into masses 
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of stars that until then were supposed to be mere 
clouds of luminous matter. The exact forms of other 
nebulae have also been accurately determined by this 
telescope, which fully deserves the glowing eulogium 
passed upon it by the Duke of Argyle in his presi- 
dential address at the meeting of the British Association 
at Glasgow, in 1855. "This instrument," said his 
Grace, " in extending the range of astronomical science 
as it has done, has been the means of throwii^g certain 
doubts upon the laws that govern the motions of the 
heavenly bodies, and render it possible that certain of 
the far-distant nebulae are regulated in their movements 
by other laws than those to which the members of our 
own system are subjected." 

The clearness with which this telescope exhibits every 
object within its range is so great that the most distant 
nebulae are seen with as great distinctness as the nearest 
planet. On directing it towards the moon, which is 
only distant from us about 240,000 miles, the surface 
of our satellite may be explored with a facility almost 
as great as that with which we examine the details of a 
landscape with an ordinary telescope. 

Maedler, a German astronomer, who has measured 
nearly every mountain and valley on the moon's surface 
with the greatest exactitude, stated some years before 
Lord Rosse's telescope was perfected that if a monu- 
ment as large as one of the Pyramids existed on the 
surface of the moon it could have been readily distin- 
guished by the instruments then in use. With Lord 
Bosse's telescope we can see the surface of our satellite 
so much enlarged that a space 220 feet long could be 
readily perceived by a good observer. This enormous 
eye, measuring 6 feet in diameter, would hardly show 
us a lunar elephant ; but it is certain that if a troop of 
buffaloes, or animals analogous to them, crossed the 
field of vision, they would undoubtedly be perceptible. 
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Masses of troops marcliing backwards and forwards 
would also be plainly visible, and we may assert with 
something like absolute certainty that there are neither 
towns nor villages in the moon, nor any buildings as 
large as St. PauFs of London or the colossal railway 
stations of that metropolis. 

This telescope, as we have said before, is the largest 
hitherto constructed, and cost its noble constructor 
more than 25,000^. It must also be recollected that it 
was not a mere scientific toy belonging to an amateur 
philosopher, but a real working instrument in the 
possession of a true man of science, who did work with 
it that will render his name famous while civilization 
lasts. The present Lord Rosse seems worthy in every 
way of his father's great name, and has already en- 
ricned astronomical science with numerous valuable 
observations. 

We shall finish this chapter by a description of the 
Newtonian telescope constructed by M. L^on Foucault. 
The mirror, instead of being made of speculum metal, 
which is an alloy of tin and copper, is made of glass 
from the famous manufactory of St. Gobain. The fifst 
rough grinding having been finished, it passed into the 
workshops of M. Secr^tan, the optician to the Paris 
Observatory, to receive its final polish and finishing 
touches from the hand of M. Foucault himself, the most 
careful optical tests being applied to it before the com- 
mencement of each operation. 

The glass mirror having reached the degree of per- 
fection desired, was then silvered on its concave surface 
by being plunged into a bath of nitrate of silver, 
dissolved in water, and mixed with certain proportions 
of gum galbanum, nitrate of ammonia, and oil of cloves. 
Hadf an hour in this bath was sufficient for the depo- 
sition of a film of silver of sufficient thickness to bear 
polishing. When finished, the mirror was found to 
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reflect 92 per cent, of the ligtt incident on its Burface, 
the JosB in the case of achromatic object-glaaaea and 
metal specula being 20 and 35 per cent, reapectively. 



The substitution of a parabolic glass mirror for the 
ordinary metal speculum offers the triple advantage of 
greater lightness, increased distinctness, and more 
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brilliant* images. Fig. 48 represents the large sil- 
v^ered glass telescope constructed under M. Foucault's 
direction for the observatory at Marseilles. It measures 
32 inches in diameter, and has a focal length of a little 
inore than 16 feet, and is put in motion by clockwork of 
a very perfect description, so that when once pointed at 
a star or planet it follows the object, which would other- 
wise disappear on account of the rotation of the earth. 
The path taken by the rays is precisely the same as in 
Newton's telescope, the eye-piece being placed at the side 
of the tube, which is provided with a movable platform 
and staircase for the observer. 

The optician to whose talent in his art this fine in- 
strument is due, has recently executed several small 
telescopes upon the same model, at such a price as to 
bring them within the reach of amateurs with slender 
purses. The principal part of these telescopes, one of 
which is represented in fig. 49, (see next page), is the 
mirror, which is about 4 inches in diameter, and 24 
inches' focal length. The body, which is cylindrical, is 
made of brass, and revolves on two pivots placed hori- 
zontally at about one-third of its length from the bottom. 
The bearings on which the pivots move consist of two 
upright standards of metal, which are connected at the 
bottom, and revolve on a pin in the middle of the plate 
of the tripod stand. They are made of such a height 
that the lower portion of the instrument may pass be- 
tween them, when it is necessary to observe objects in | 
the zenith. By the turn of a screw the whole of the 
upper portion of the instrument may be dismounted and 
fixed on a lower standard, so that the observer may work 
sitting down if necessary. The body of the telescope 
is provided with a finder. One of the great advantages 
of this form of instrument is that it can be used for 
observations on the zenith without giving the observer 
those unpleasant cricks in the neck so inseparable from 



THE TELESCOPE. 



the uae of ordinary telescopes in a nearly upright con 
dition. The mirror will bear a power of 220 diameters, 



and shows the mountains of the moon, the phases of 
Mercury and Venus, Saturn and his ring. Jupiter and 
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his satellites, and a large number of double stars and 
nebulae. It is provided with a set of eye-pieces, so that 
any power almost from 50 to 220 diameters may be 
used at will. The figure on the opposite page will give 
the amateur a good idea of the form and size of this 
instrument. 
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PAET III. 

NATURAL MAGIC. 



CHAPTER I. 

THE MAGIC LANTERN. 

The illusions of which we have spoken in the first 
part of this work depended principally on the nature of 
man's vision, who, we found, was the constant and heed- 
less victim of his own powers of sight. We shall now 
examine a series of illusions that are still more extraor- 
dinary, but which have nothing to do with the decep- 
tions practised on us by our visual organs. Instead of 
being deceived by ourselves, we shall find that we are 
led astray by others whose knowledge of the laws of 
optics is greater than our own, enabling them to con- 
struct instruments capable of amusing us or imposing 
on us, according to our ignorance of natural laws. Let 
us hope, however, that the science of optics has now 
become so familiar to most educated people, that no such 
thing as a real imposition can take place, although at 
the present day there are so many exhibitions of the 
marvellous that ordinary observers have the greatest 
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difficulty in accounting for them. In former ages, when 
the knowledge of science was confined to a certain class, 
the commonest optical facts of the present day were 
taken advantage of to delude the ignorant. The de- 
ceptions practised by the ancient priests of Egypt, 
Greece, and Rome were undoubtedly many of them of 
this description. It is a well known fact that both plane 
and concave metallic mirrors were used by the ancients, 
and a passage in Pliny gives an account of certain glass 
mirrors that were made at Sidon. Aulus Gellius, quo- 
ting Varro, speaks of the reflecting properties of hol- 
low mirrors, and we shall see, as we go on, what a num- 
ber of illusions may be practised by means of a series 
of plane mirrors arranged in a particular way. But we 
will first devote a short time to the curious historical 
facts connected with the principle of the magic lantern 
which took place long before the modern invention of 
this instrument by Father Kircher. 

Brewster says, when treating of this subject, that 
there can be little doubt that -the concave mirror was 
the principal instrument used in connexion with the 
pretended apparitions of the gods and goddesses in the 
ancient temples. In the meagre history of these 
apparitions that has come down to us, we can easily 
perceive the traces of an optical illusion. In th^ 
ancient temple of Hercules at Tyre, there existed a 
certain seat made of consecrated stone, out of which 
the gods rose, apparently at the will of the priests. 
iEsculapius appeared frequently to his worshippers in 
his temple in Tarsus, and the temple of Eugenium was 
famous for the number of gods and goddesses which 
were constantly visiting its sacred precincts. lamblicus 
tells us that the priests showed the gods to the people 
in the midst of smoke ; and when the great magician 
Marin us terrified his auditory by suddenly showing 
them the statue of Hercules in the midst of a cloud of 
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. incense, it was undoubtedly a woman who performed 
the part, dressed up in man*s robes for the occasion. 

The character of these spectacles in the ancient tem- 
ples is admirably described by Damasius, and there is 
no difiScuIty in seeing that optical illusions were the 
means employed to delude the audience. He describes 
the apparition on the wall of a large spot of white, 
which at first appeared at a distance, but gradually 
came nearer and nearer until at last it assumed the 
form of a divine or supernatural being, of severe yet 
mild aspect and of great personal beauty. This being 
the Alexandrians immediately honoured as Osiris or 
Adonis. 

Amongst more modern examples of this illusion may 
be mentioned that of the Emperor Sasil of Macedonia. 
Inconsolable at the loss of his son, this potentate had 
recourse to the prayers of the Pontiff Theodore Lanta- 
baren, who was celebrated for his power of working 
miracles. .The conjurer showed the Emperor the image 
of his dead son magnificently attired and mounted on a 
splendid war-horse. The young man dismounted, and, 
going up to his father, threw himself into his arms and 
disappeared. Salvertius, in speaking of this story, 
observes judiciously, that the deception could only take 
place through the agency of some person who closely 
resembled the Emperor's son, and that the trick would 
have been easily discovered when the person embraced 
the Emperor. A better explanation of the affair is, 
however, afforded by supposing that the Emperor saw 
an aerial image of a person resembling his son, and 
that when he rushed forward to embrace him it dis- 
appeared. 

The accounts of the operations of the ancient magi- 
cians are too meagre to give us any idea of the splen- 
dour of some of these ancient ceremonies. A system 
of deception such as this, employed as a means of 
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government, must have brought into requisition not 
oaly the talents of all the learned men of the day, but 
a crowd of accessories calculated to astonish and con- 
found the judgment, fascinate the senses, and facilitate 
imposture. 

An account of an instance of modern necromancy 
has been left us by Benvenuto Cellini, who played a 
prominent part in a case ol this sort. 

He accidentally made the acquaintance of a Sicilian 
priest, a man of great genius and acquirements, and 
well versed in Greek and Latin classical lore. One day 
the conversation turned on necromancy, and the great 
goldsmith told him that he had the greatest desire to 
know something about this wonderful art, and that he 
had felt all his life a great curiosity to penetrate its 
mysteries. 

The priest replied, that a man ought to have a very 
resolute and fearless character to study this art ; but 
Benvenuto answered he had both resolution and courage. 
The priest went on to say, that if he had the heart to 
try, he would be the means of obtaining the fulfilment 
of his wishes. They consequently agreed upon a plan 
of necromantic study. One evening, Benvenuto invited 
one of his companions, Yincenzio Romoli, to take part 
in some experiments that were to be made amongst the 
ruins of the Coliseum. They there met the Sicilian 
priest, who after the manner of the ancients began to 
describe a number of circles in the air in the most im- 
posing manner. He had brought with him various gums 
and perfumes, and had made a fire, into which his 
assistant necromancer was to throw them at the proper 
time. He commenced his conjurations, the ceremony 
continuing about an hour, when there appeared legions 
of demons, in such numbers that the whole of the ruins 
seemed filled with them. Benvenuto was nearly faint- 
ing with the perfumes, when the priest roused him by 
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telling him to ask for something. He replied, that 
he wished to be transported to the side of his Sicilian 
mistress ; but the demons were evidently unpropitious, 
for nothing came of it. His instructor, however, told 
him that they must repeat their experiments a second 
time, and that Benvenuto must bring with him a child 
that had never committed sin. The next time Benve- 
nuto took with him a boy of twelve years old whom he 
had in his service, and his friends Romoli and Guddi. 
When they arrived at the place of meeting, they found 
the priest had made the same preparations as before. 
This time, however, he used more powerful conjuration?, 
calling on a number of demons by their names, in He- 
brew, Greek, and Latin; so that the ruin was filled 
with a still greater mass of them than on the other oc- 
casion. The fire and perfumes were put under the 
charge of Guddi and Romoli, and he gave Benvenuto a 
magic picture to hold in a certain direction, the boy 
being placed underneath it. The priest told him again 
to wish to be in the company of his lady love, but on his 
expressing the wish, the magician told him that the de- 
mons still refused to do his bidding in this way, but that 
he should visit her once more in a month's time. The 
poor boy underneath the magic picture was seized with 
a terrible fright, and exclaimed, that he saw millions of 
ferocious spirits and four giants, all endeavouring to 
break through the magic circle the priest had formed, 
All there were evidently in a most abject state of terror, 
and remained in the place until the church bells began 
to ring for morning prayers, when they returned home, 
the boy declaring that two of the demons preceded them, 
dancing and gambolling before them, and sometimes 
running along the housetops. 

The priest then advised him to try another spiritual 
seance J and endeavour to induce the demons to point 
out sundry pots of buried gold, so that they all might 
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become rich, but it does not appear that the priest's 
advice was followed. 

It is impossible to read the foregoing description of 
what happened, without being convinced that the whole 
affair was an optical illusion, and not the mere result of 
the imagination of those who took part in it. The smoke 
was evidently caused in order to afford a field for the 
exhibition of painted images reflected by concave mir- 
rors, and the circle was formed in order that those 
within it might be within range of the images formed on 
tlie smoke. The mirrors reflecting the images of the 
demons had undoubtedly already been arranged so that 
they would fall just above the fire, and become visible 
when the gums began to burn with a smoky flame. The 
perfumes were simply to help to stupify the spectators, 
Uiid aid in working on their imaginations for those oc- 
currences which were beyond the reach of optics, for the 
poor unfortunate boy saw things that his companions 
did not, even to a couple of demons dancing through 
the streets in broad daylight. In fact, it is somewhat 
difficult to draw the line between reality and imagina- 
tion in this case. No doubt the story is considerably 
exaggerated by Cellini, who was a fervid Italian, and 
prone to believe in wonders, as is instanced by his wish 
to study the black art. The priest, too, whom he de- 
scribes as a man of genius, no doubt had a great influ- 
ence over the famous artist, and made him see a great 
deal more than was really there. 

The introduction of the magic lantern provided the 
magicians of the seventeenth century with a very pow- 
erful instrument with which to continue their deceptions. 
The use of the concave mirror, which does not appear to 
have had any accessories worth speaking of, required a 
separate apartment, or at least a hiding-place of some 
sort that was difficult to discover under ordinary circum- 
stances ; but the magic lantern, inclosing as it did the 
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lamp, the optical apparatus, and the figures in a com- 
paratively small space, was particularly appropriate to 
the wants of the Homes and Davenports of the day, who 
until then had never possessed anything so convenient 
and portahle. 

The magic lantern shown in figures 50 and 51 con- 
sists of a dark box, containing a lamp and a concave 
metallic mirror, constructed in euch a way that the 



whole of the rays proceeding from the lamp are reflected 
through the aperture holding the optical portion of the 
apparatus. In front of the box is fixed a double tube 
CD, one-half- of which (d) slides in the other. A large 
plano-convex lens c is fixed at the inner extremity of the 
double tube, and a small one at its outer end. To the 
fixed tube c b is attached a groove b 6, which serves to 
hold the painted glass. These glasses, or slides as they 
are generally called, are painted with strong transpa- 
rent colours. 

The direct light of the lamp Q, as well as that re- 
flected by the mirror and passing through the lens c, is 
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80 concentrated as to project a brilliant beam of light 
through the painted slide, which being in the conjugate 
focus of the large plano-convex lens d^ the pictures on 
the glass are reflected in a magnified form on the white 
cloth p Q. 

The magic lantern, therefore, consists of a box to hold 
the lamp, a concave mirror, and a convex lens to concen- 
trate the light on the slide, and a second convex lens to 
throw the image on the screen. 
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CffAPTER II. 

THE PHANTASMAGORIA. 

The phantasmagoria may be described as a perfected 
magic lantern, and bears the same relation to its proto- 
type that a shilling telescope bought in the Lowther 
Arcade does to one of Dollond's or Ross's field glasses. 
Tlie position of the spectators, too, is different, being on 
the other side of the scene which receives the magnified 
pictures, already described when speaking of the magic 
lantern. 

The phantasmagoria lantern is generally mounted on 
a stand provided with castors so that it may be moved 
about at will. It consists of a box as represented in 
fig. 52, inclosing a lamp with a metallic reflector, the 
bundle of rays being sent through the centre of the 
tube containing the slide and lenses, as before described. 
The chimaey serves to carry off the products of com- 
bustion generated by the lamp. In fig. 53 we have 
shown the interior of the tube containing the lenses. 
Between this tube and the body of the lantern there is a 
space within which slide the glasses whereon are painted 
the figures and landscapes that are to be thrown on the 
white screen. The luminous rays given off by the re- 
flector in the interior of the lantern pass through a 
plano-convex lens placed with the flat side outwards. 
In front comes the double convex lens, or object-glass, 
which can be moved backwards and forwards by means 
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of a r&ck and pinion. There ia also a movable diaphragm, 
which is worked with a couple of cords, by pulling which 
the aperture la made larger or smaller at will. By 
moving the lantern backwards and forwards, working 



the rack and pinion and the diaphragm at the eatne 
time, the view seen by the spectator seems to advance 
and recede. The pictures are painted on glass with 
transparent colours, the glasses being generally about 
6ve inches in diameter. To render the illusion perfect 



it is necessary that the spectator should be placed in a 
partially dark room, being sepamted from the operator 
by the screen already mentioned. Everything being 
ready, the spectators having but little notion of the 
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distance of the screen, a very small picture is shown to 
tiiem first, the illumination being reduced to a mini- 
mum by pulling the cords which act on the diaphragm. 
The little picture first seen by them will appear to be 
situated at an enormous distance ; but as the lantern is 
brought almost imperceptibly nearer to the screen, the 
image appears to advance towards them in a very sur- 
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prising manner, at last appearing almost as if it were 
going to fall upon the spectators. 

Robertson, an English optician who was settled in 
Paris some fifty years since, was one of the first to ex- 
hibit the phantasmagoria with success. In order to 
obtain the best results he used a room some sixty or 
eighty feet long, and twenty-four wide, which he hung 
entirely with black. Of this a strip twenty-five feet long 
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was cut off "and devoted to the manipulation of the 
phantasmagoria. This portion of the apartment was 
separated from the spectators by a white calico screen, 
tightly strained from side to ^ide, and at first concealed 
from view by a black curtain. The calico screen, 
which was about twenty feet square, was well soaked in 
a mixture of starch and fine gum arabic, in order to ren- 
der it semi-transparent. The floor was raised about 
four or five feet at one end in order that the whole of the 
spectators might have a free and uninterrupted view of 
what was going on. 

It is undoubtedly to Robertson that we owe most of 
the improvements in the phantasmagoria. The success 
of his performances in Paris during the first Revolution 
has never been equalled by any similar exhibition. The 
enthusiasm excited amongst the Parisian public at the 
time surpassed that awakened even by Cagliostro and 
Mesmer. The spirit which guided Robertson in exhi- 
biting these wonders was totally opposed to that which 
animated the two charlatans just mentioned. Robertson, 
unlike them, sought to spread the notion that there was 
nothing occult or supernatural in the marvels he exhi- 
bited, but that they resulted simply fr.om the applica- 
tion of a few simple laws of optics. We shall presently 
give an account of one these famous seances^ which 
were powerful enough to distract the attention of the 
people of that day from the stormy events that were 
going on around them; but we will first allow our 
author to tell the story of his experiments in optics in 
his own words. 

" From my very earliest infancy," he says in his 
Memoirs, " my lively and passionate imagination caused 
me to be dominated over by the marvellous in a very 
powerful manner. Anything that seemed to go beyond 
nature in any way, excited in me an ardour which then 
appeared to me capable of overcoming all obstacles in 
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order to realize the eflFects I had conceived. Father 
Kircher, it was said, believed that the magic lantern 
was the invention of the Evil One. All the worse for 
Father Kircher, who was gifted with a great intellect, 
and many persons were tempted to say that he might 
possibly have some canse for believing in the diabolical 
origin of a simple optical instrument. But as the writer 
who has thus reproached Father Kircher with too much 
credulity has not cited those passages of the work in 
which this statement maybe found, I did not think seri- 
ously of the matter. liVho has not in his younger days 
believed in witches, hobgoblins, and compacts with the 
devil? I know I did, and worse; for 1 imagined and 
fully believed that an innocent old woman who was a 
neighbour of ours, really had dealings with Lucifer, as 
every one asserted. I even went so far as to envy her 
the power of conferring with the Evil One, and once 
shut myself up in my room with an unhappy live cock, 
whose head I cut off in the most barbarous manner, 
having heard th^t that was the most approved manner 
of summoning into one's presence the great head of all 
the demons. I waited for him several hours, calling 
on him to appear, threatening to deny his existence for 
the future if he did not appear, but all to no purpose. 
The books on magic and the black art that I had read 
had completely turned my head. I believed everything 
that was in them, and I desired ardently to perform the 
wonders they described, even with the aid of the devil. 
The Magia Naiuralis of Porta, and the Recreations of 
Midorge, which treated simply of natural phenomena, 
had no effect upon me, but I was at last obliged to fall 
back on the principles involved in them, in order to 
create the diabolical appearances I had sought after in 
what I considered a truly supernatural manner, until at 
last my dwelling became a true Pandemonium. 

"It is only our grandmothers, it has been said for a 
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long time, V'ho believe in magic, witches, and super-r 
natural appearances ; but the statement is hardly ti*ue, 
seeing how easily the country people fall a prey to the 
first cheat who chooses to invest himself with super- 
natural powers. We have sufficiently ridiculed the 
superstitions of the ancients, and numberless instances 
may be adduced which are a shame to their intelligence, 
and which gives, so to speak, a denial to the stories we 
have heard of their high state of civilization. But I 
believe, if we were to make a collection of all the stories 
of ghosts, of mysterious appearances, of communications 
between the living and the departed, of the discoveries 
of hidden treasures, &c., &c., which have taken place 
even since the Revolution, before whose power so many 
dark things have been brought to light, the collection 
would hardly be less bulky than that of the ancient su- 
perstitions now happily passed away," 

Robertson then goes on to take great credit to him- 
self for showing the world that all the superstitions con- 
cerning ghosts, spectral appearances, and other illusions 
of a similar nature, were to be easily accomplished by 
simply studying natural laws. He appears first to have 
begun his optical experiments with the solar microscope, 
and we hear of his landlord taking an action against him 
to recover damages for having pierced the doors of his 
rooms with innumerable holes. He studied the subject 
both theoretically and practically for many years, in 
company with his friend Villette, and at last announced 
a public seance at the Pavilion de TEchiquier at Paris. 
A multitude of advertisements and prospectuses, 
«rritten in the high-flown style of the time, were issued, 
and distributed throughout the city. The newspapers 
of the day are full of accounts of the extraordinary 
impression made on the minds of the Parisians by 
Robertson's wonderful exhibition. The old-fashioned 
word magic lantern was quite abandoned, and the new 
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and high sounding Greek appellation, "phantasmagoria/* 
was heard issuing from every one's mouth. There is 
an amusing account given of Robertson*s exhibition in 
one of the contemporary journals, written by Poultier, 
one of the representatives of the people. He says: ''A 
decemvir of the republic has said that the dead return 
no more, but go to Robertson's exhibition and you will 
soon be convinced of the contrary, for you will see tie 
dead returning to life in crowds. Robertson calls 
forth phantoms, and commands legions of spectres. In 
a well-lighted apartment in the Pavilion de TEchiquier 
I found myself seated a few evenings since, with some 
sixty or seventy people. At seven o'clock a pale thin 
man entered the room where we were sitting, and 
having extinguished the candles he said: ' Citizens and 
gentlemen, I am not one of those adventurers and impu- 
dent swindlers who promise more than they can per- 
form. I have assured the public in the Journal de 
Paris that I can bring the dead to life, and I shall do 
so. Those of the company who desire to see the 
apparitions of those who were dear to them, but who 
have passed away from this life by sickness or other- 
wise, have only to speak, and I shall obey their com- 
mands.' There was a moment's silence, and a haggard 
looking man, with dishevelled hair and sorrowful eyes, 
rose in the midst of the assemblage and exclaimed, ^ As 
I have been unable in an official journal to re-establish 
the worship of Marat, I should at least be glad to see 
his shadow.* Robertson immediately threw upon a 
brasier containing lighted coals, two glasses of blood, a 
bottle of vitriol, a few drops of aquafortis, and two 
numbers of the Journal des Hommes Libres^ and there 
instantly appeared in the midst of the smoke caused by 
the burning of these substances, a hideous livid phan- 
tom armed with a dagger and wearing a red cap of 
liberty. The man at whose wish the phantom had 
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been evoked seemed to recognise Marat, and rushed 
forward to embrace the vision, but the ghost made a 
frightful grimace and disappeared. A young man next 
asked to see the phantom of a young lady whom he had 
tenderly loved, and whose portrait he showed to the 
worker of all these marvels. Robertson threw on the 
brasier a few sparrow's feathers, a grain or two of 
phosphorus, and a dozen butterflies. A beautiful 
woman, with her bosom uncovered and her hair floating 
about her, soon appeared, and smiled on the young man 
with the most tender regard and sorrow. A grave- 
looking individual sitting close by me suddenly exclaimed 
* Heavens ! it's my wife come to life again,' and he 
rushed from the room, apparently fearing that what he 
saw was not a phantom. 

A Swiss asked to see the shade of William Tell. The 
phantom of the great archer was evoked with apparent- 
ly as much ease as the others. Delille, who was 
present, called for Virgil, whose Georgics he had lately 
translated. The poet appeared, having in his hand a 
laurel crown, which he held out to his French commen- 
tator. Many other equally extraordinary apparitions 
were shown at the will of various individuals in the 
audience, and towards the end of the evening Robert- 
son showed his judgment, and under very difficult cir- 
cumstances. A royalist who was present asked for the 
phantom of Louis XVI., the appearance of which would 
no doubt have raised a tumult amongst so many red- 
hot Republicans, had not Robertson replied that before 
the 18th Fructidor, the day on which the French re- 
public declared that royalty was abolished for ever, he 
had had a receipt for bringing dead kings to life again, 
but that same day he lost it, and feared that he should 
never recover it again. The answer was said to have 
been whispered to Robertson by his friend Ponthieu, 
who saw the difficulty he was in. It was supposed that 
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the demand was prompted by an agent of the police, 
who for some cause had a spite against Robertson. In 
any case the affair made such a noise that the next day 
the exhibition was prohibited by those in authority, 
and seals were placed upon the optician's boxes and 
papers. The exhibition was, however, afterwards al- 
lowed to be continued, and was so successful that it had 
to be transferred to the old Capuchin convent near the 
Place Vend&me. 

The whole of Paris rang with eulogiums upon Robert- 
son's wonderful exhibition at the Capuchin Convent. 
He had purposely chosen the abandoned chapel, which 
was in the middle of a vast cloister crowded with tombs 
and funereal tablets. It was approached by a series of 
dark passages, decorated with weird and mysterious 
paintings, and the very door was covered with hierogly- 
phics. The chapel itself was hung with black, and was 
feebly illuminated by a single sepulchral lamp. The 
whole assembly involuntarily remained grave and silent, 
and it was only when the first preparations for the ex- 
hibition were made, that the audience broke into a low 
murmur. Robertson commenced with an address on 
sorcery, magicians, witches, ghosts, apd phantoms, and, 
having worked the spectators up to the proper pitch, he 
suddenly extinguished the single antique lamp already 
mentioned, plunging the assembly into perfect darkness. 
Then there arose a storm of rain, wind, thunder, and 
lightning. The bells tolled lugubriously as if summon- 
ing the dead from their tombs beneath the feet of those 
present ; the wind whistled mournfully, the rain fell in 
torrents, the thunder rolled, and the lightnings flashed. 
But suddenly above all this confusion were heard the 
sweet notes of a harmonium, and in the far-off distance 
the sky was seen clearing gradually. A luminous point 
then made its appearance in the midst of the clouds, 
which gradually became the figure of a man, incrcasii g 
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in size every instant, until it seemed to be about to pre- 
cipitate itself on to the spectators. A man in the front 
row was so frightened, that he uttered a scream of ter- 
ror, when the phantom instantly disappeared. A series 
of spectres then issued suddenly from a cave. The 
shades of great men crowded together round a boat 
floating on a black and sluggish river, which the spec- 
tators had no difficulty in identifying as the Styx. The 
shadows gradually disappeared in the distance, getting 
smaller and smaller until they became invisible. 

Robertson was extremely careful in all his entertain- 
ments to flatter the popular ideas of the day. For in- 
stance, one of his most famous exhibitions consisted in 
a picture of a tomb, in the middle of which Robespierre 
issued. The figure, as usual, walked towards the spec- 
tators ; but when apparently within a few yards of them, 
it was struck down by lightning. Voltaire, Lavoisier, 
Rousseau, and other popular favourites then appeared 
on the scene, and disappeared again in the usual man- 
ner. Robertson generally ended his entertainment with 
an address something like the following : — 

" We have now seen together the wonderful mysteries 
of the phantasmagoria. I have unveiled to you the 
secrets of the priests of Memphis. I have shown you 
every mystery of optical science ; you have witnessed 
scenes that in the ages of credulity would have been con- 
sidered supernatural. You have, perhaps, many of 
you, laughed at what I have shown you, and the gentler 
portion of my audience have possibly been terrified at 
many of my phantoms ; but I can assure you, whoever 
you may be, powerful or weak, strong or feeble, believers 
or atheists, that there is but one truly terrible spec- 
tacle — the fate which is reserved for us all ;" and at 
that instant a grisly skeleton was seen standing in tho 
middle of the hall (fig. 54). 

Even in those unbelieving days, when scepticism of 
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every sort was riding rough-shod over the French people, 
Robertson had the greatest difficulty in disclaiming all 
approach to the possession of supernatural powers. 
Day after day he received applications from all quarters 
to reveal the secrets of the past, present, and future, to 
describe events that were passing in other countries; 
and it frequently happened, that after his entertain- 
ments, he would be asked by several members of his 
auditory to assist them in recovering property that had 
been lost or stolen from them. In the latter kind of 
cases he generally used to adopt the excellent plan of 
Bending his would-be clients to the nearest police-office. 
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CHAPTER IIL 

OTHER OPTICAL ILLUSIONS. 

Ey varying the disposition of mirrors, prisms, lenses, 
and light, an infinite number of the most surprising 
efiects may be shown, with a comparatively small 
amount of trouble and expense. We shall, therefore, 
devote this chapter to the explanation of a large number 
of allusions, which have been devised by Robertson and 
other adepts in the art of honest deception. 

One of Robertson's most famous delusions was the 
" Dance of Demons,*' an effect he discovered quite acci- 
dentally. One evening, while experimenting with the 
phantasmagoria, he suddenly found himself in the dark, 
when two persons, each bearing a light, crossed the room 
on the other side of the screen. A little window which 
happened to be between the lights and the screen, imme- 
diately threw its double image on the cloth, and the 
method of multiplying shadows was discovered. 

The figures used in this experiment are cut out of 
fine cardboard, and may be made a foot high or there- 
abouts. They are placed on a second screen in front of 
the principal one, and by multiplying the lights, as 
shown in fig. 55, you may have as many shadows as 
you please. The efiect is much heightened if the figures 
are cut out so as to show* as lights when thrown on the 
screen. A little ingenuity shown in the arrangement of 
the distance and movements of the lights, will produce an 
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endless amount of amusing eflfects. Thus, a small image 
of the principal figure may be produced by carrying the 
second light to a great distance, and the lesser figure 
may be easily made to jump over the former, by moving 
the candle in a semicircle over the light that is sta- 
tionary. It is only necessary to recollect that whatever 
movements are made by the lights, the shadows of the 
figures follow their example. With a little ingenuity 
the heads and limbs of the figures may be made move- 
able ; and if one assistant attends entirely to the working 
of the figures, and the rest to the lights, an infinite 
number of changes may be carried out. If mounted in 
a frame, they may be made to throw somersaults, fall 
down, or jump up in the air at will. 

A knowledge of optics will often serve to explain 
with great ease the tricks played by conjurers and im- 
postors on princes and other great people, for their own 
vile ends. It is well known that Nostradamus, on being 
consulted by Marie de M^dieis on the future destiny of 
France, was shown by him in a mirror events that left 
no doubt on her mind that she would one day share the 
throne of the Bourbons. These illusions were possibly 
effected in the following manner, and may be readily 
understood by reference to fig. 66. 

The throne in the first chamber is reflected in a mirror 
concealed in the canopy overshadowing a second mirror, 

f laced carelessly on a table in the room in which the 
Vincess and astrologer are standing. The arrangement 
of the mirrors is such that, on looking into the smaller 
glass, the Princess sees all that is going on in the adjoin- 
ing chamber. The very fact of her consulting Nostra- 
damus on her future fate, shows that under certain cir- 
cumstances, at least, this clever woman was as silly as 
a child. It is not, therefore, to be supposed that she 
would notice that the mirror she was looking into was 
inclined at such an angle that it could not reflect her 
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beautifal face. Nothing could be more nataral, either, 
than that this magic looking-glass should be placed on a 
dais, and shaded by a canopy. Nostradamus, who was 
a shrewd man, could no doubt pretty well see the course 
that events would take, and must consequently have 
felt quite safe in showing- the Princess the throne of 
France occupied by Henry of Navarre. This was not 
the first time that the rulers of the earth were duped by 
so-called magicians, who possessed the knowledge that 
O the angle of reflection was always equal to the angle of 
r efracti on. -'^'^ c-^Ax^-^^L 

""We^ay also mention, while speaking on this subject, 
the adventure of the Emperor Alexander of Russia, tk 
propos of a singular optical experiment at which he was 
present, which had -for its end the changing of a man 
into a wild animal, or vice versei. Certain cynics will 
possibly say that this is by no means difficult, and that 
it is an event that happens every day ; but the clever 
trick at which Alexander was so astonished was not 
moral but purely physical. After having gained much 
money and fame in France, Robertson directed his steps 
towards Hamburg, where the Emperor was at that time 
stopping. He performed before the Czar an experi- 
ment that puzzled his Majesty beyond endurance. He 
showed him a man upon whose shoulders he saw succes- 
sively the head of a calf, a lion, a tiger, a bear, and a 
whole menagerie of other animals. At last, the Czar 
could stand it no longer, and he suddenly rose, put his 
shoulder against the partition, and brought the whole 
to the ground with a loud crash, just at the moment 
that the confederate was assuming the form of a goat. 
If our readers would like to join the Czar in his dis- 
covery of the manner in which the trick was performed, 
they can easily do so. 

The room in which this trick is to be performed should 
have a smaller one adjoining it, about eight feet square. 
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The m&gician in the first place shovs the Bmall apart- 
ment to the spectator, who perceives that it contains 
nothing hut an empty chair placed against the wall. 
The partition between the two rooms ia provided with 
a small hole, covered with glass, exactly opposite tho 
chair, and at about the ordinary height of the eyes. 
On the inner side there are two grooves, in which slide a 
block of wood containing a prism, aa shown in fig, 67, 



which may be qnicfely and easily replaced by a piece of 
plane glass. On looking through this opening, the 
spectator sees a man sittmg in a chair, hut suddenly, 
without any apparent cause, the man changes into a goat, 
a sheep or some other animal. The sudden replacing 
of the prism, which takes place without the spectator 
perceiving it, causes him to see, not the floor with the 
man and chair upon it, but the ceiling, which is carpeted 
exactly in the same way, and is provided with a pro- 
cisely similar chair, upon which is placed a goat or any 
other animal. 

While looking at the goat, the plane glass is substi- 
tuted for the prism, ana the man reappears ; another 
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movement of the prism, and he changes into a sheep, 
a figure of a sheep having in the meantime replaced that 
of the goat. Of course it is necessary not merely to have 
the walls, floors, and chairs precisely alike, but they 
must each occupy the same relation to each other. If 
it is desirable only to change the head, it is simply 
necessary to have a lay figure with a moveable head, 
dressed precisely in the same manner as the living 
operator, in the upper portion of the chamber. At the 
end, by the substitution of the empty chair, the individ- 
ual may be made to disappear entirely. 

There may often be seen in the streets of London, a 
man showing a wonderful instrument, consisting of a 
telescope cut in two, the two portions being separated 
from each other by an interval of three or four inches. 
On looking through the instrument, the spectator of 
course sees the object at which it is pointed ; but what 
is his astonishment to find, that when the showman 
places a brick between the two halves of the instrument 
he sees just as well as before. The showman ffenerally 
informs him that the instrument in question has such 
powerful lenses, that it will not only see through a 
brick, but even through a policeman's head if it hap- 
ened to be in the way ; and the spectator, having paid 
is penny, goes away perfectly mystified, until, like the 
young lady who believed that all machinery was worked 
" by a screw, somehow," he comforts himself with the 
idea that the trick is performed " by a mirror, some- 
how.*' The following figure will, however, soon clear 
up the mystery. 

Let F M, L a be an ordinary telescope tube, to be 
separated in the middle by an interval large enough to 
insert a briqk, the hand, or some other opaque object. 
The whole is fixed on a stand, consisting of a square 
tube with a couple of elbows to it. Between G and L 
a mirror (a) is placed diagonally, which receives the 
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image of the objects to be looked at. This mirror sends 
the image downwards to another placed diagonally at 
c, a third being placed at D, and a fourth at b. The 




Fio. 69.— Hone to see through a Brick. 

horizontal ray, meeting the mirror at A, is consequently 
bent downwards to c, then travels horizontally to d, 
when it is reflected upwards to B, in which it is seen by 
the eye. Of cgurse a simple tube without any lenses 
at all would serve the same purpose, but the fact of its 
being a telescope serves to distract the attention of the 
too curious observer. 

Another illusion of the same kind is often practised 
at fancy fairs and bazaars, when a spectator looking 
into what he supposes to be an ordinary looking*glass, 
sees his companions instead of himself. The way in 
which this is effected is very simple. A looking-glass 
is placed diagonally across a square box, the apertures 
in the sides being so arranged that the spectator does 
n^t perceive that he is looking into a glass that is placed 
at an angle. Of course the exhibitor endeavours to 
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show the illusion to two persons at once ; and if they 
are strangers to each other, and of the opposite sex, a 
great deal of fun is made out of the trick. A showman 
at Greenwich made an immense harvest by showing two 
such mirrors, one to all the young girls who wished to 
see their future husbands, and the other to all the young 
men who wished to see their future wives. Of course 
he had a tolerably good-looking male and female con- 
federate to help him. With a couple of mirrors placed 
back to back in a square case, with an opening on 
each side, the illusion is still more perfect, as on look- 
ing through any of the holes the box seems to be quite 
empty. 

The " Speaking Head " trick is performed on this 
principle. When the curtain is drawn up, the audience 
perceive an apparently living head placed on a small 
three-legged table, the curtain at the back of the stage 
being quite visible through the legs. By and by the 
bodiless head, which is generally painted in a very fan- 
tastic manner, begins to speak, answers questions, and 
ends by singing a song. The trick is performed in the 
following way : The spaces between the legs are filled 
with a looking-glass ; consequently, the spectators see 
the reflection of the curtains at the sides of the stage, 
which are made exactly like those at the back, thus 
giving the table the appearance of standing on three 
slim legs, with nothing between. Behind the looking- 
glass there is of course plenty of space for the body of 
the man belonging to the magical head. The exhibitor 
naturally takes especial care never to pass in front of 
the table, otherwise the lower part of his body would be 
reflected in mirrors. 

The polemoscope (from two Greek words signifying 
" war** and "to see") is another instance of double 
reflection. It was said to have been invented by Hel- 
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vetius, about 1637. Fig. 60 will ^how the principle of 
this instrument. 

The luminous rays x5oming from a distant object are 
received upon an inclined mirror, which is elevated 
above the parapet of a fortification, and are reflected 
downwards to a second, which is placed at a correspond- 
ing angle. If necessary, lenses can be interposed, so as 
to give a magnified view of the distant object that is 
being examined. B^ means of such an instrument, the 
movements of the enemy can be followed without danger, 
the apparatus being generd,lly of small size, and not 
attracting notice. Amongst the varieties of this instru- 
ment, is one whose use is readily seen by inspecting fig. 
61, by which it seems to be perfectly possible to see 
with safety all that is going on outside the door of the 
house without being perceived. The line of the mirrors 
in this case is at right angles to that of the polemoscope 
in fig. 60. Amongst the different varieties of polemo- 
scope which have been invented, may be mentioned a re- 
flecting opera- glass, which was greatly used by the 
beaux and dandies of the last century.. In the tube of 
this instrument was inserted an inclined mirror, which 
allowed the spectator to point his glass in quite a dif- 
ferent direction to that of the object he was really 
looking at. In fact, it was constructed somewhat on 
the same principle as the Herschellian or Newtonian 
telescope, and enabled the possessor, while apparently 
enjoying the play, to observe all that was going on in 
the boxes or pit of the theatre. Years ago, there was 
a little instrument of a similar kind, sold for a penny 
in the streets of London, which consisted of a morsel of 
looking-glass set at an angle, in a pill-box, and which 
gave the possessor the power of seeing all that was 
going on behind him. Person^ who wear dark pre- 
servers are often in the habit of observing all that is 
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going on behind their backs by the reflection seen in 
the corner of their glasses. 

Such are the principal optical recreations founded on 
the reflecting and refracting properties of mirrors and 
lenses. We shall end this chapter by appending to it 
the description of a few additional optical amusements 
that are quite within the reach of the amateur. 

If the reader is in possession of a concave mirror, it 
may be made the means of performing a number of 
amusing experiments. In front of it is placed a plaster 
head, a skull or any other* object, mounted on wheels 
and running along a grooved platform, which is natu- 
rally kept perfectly concealed from the spectators. The 
mirror is slightly inclined, so as to reflect the image of 
the object at an angle to the observer's eye. By run- 
ning the cast backwards and forwards, it will have the 
appearance of advancing and retiring from the specta- 
tor in a very imposing manner. A dagger may be sub- 
stituted for the cast, and by being made to work up and 
down on a pivot, will have the appearance of striking 
at the spectator. We have already seen that an ex- 
periment of this sort had such an efi'ect on Louis XIY. 
that he drew his sword to defend himself from his 
imaginary aggressor. There is another way of per- 
forming this trick, by suddenly illuminating the skull 
or dagger by means of a dark-coloured box containing 
« light, which may be made to throw its reflections on 
the object, by sliding it along a couple of wires. In 
the case of the dagger, however, the hinged arrange- 
ment will be found more efiective. 

One of Robertson's tricks was called the ^^ Magic 
Box," and he astonished a numerous party of visitors 
who were staying at a country house to which he had 
been invited. One rf the gentlemen who was always 
boasting of his freedom from superstitious feelings of . 
any kind, had had several arguments with Bobertson on 
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the subject of apparitions, and the latter thought that 
he would at any rate surprise his strong-minded friend 
by an easy trick or two. He consequently chose as his 
confederate a lady to whom the gentleman had been 
paying great attention during the time of his visit. 
Kobertson one evening mysteriously delivered a small 
box to him, which he was to place upon his toilet table, 
and unlock exactly at midnight. The gentleman did 
80, and what was his astonishment to see the face of the 
lady with whose charms he had been so deeply impressed 
suddenly spring out of the box. His look of terror and 
surprise was evidently too much for Robertson's confe- 
derate, who burst into a merry peal of laughter, leaving 
her admirer in a very disconcerted state. 

After all we have said on the subject of mirrors, it is 
not difficult to guess how this trick was performed. The 
box in question was painted black on the inside, and 
contained a concave mirror placed at an angle of 46°. 
The reflection of the lady, who was of course in the next 
room, was carried by means of several plane mirrors 
placed in boxes communicating with each other through 
the partition of the room, the head of the lady only be-^ 
ing strongly illuminated, the rest of her figure not ap- 
pearing by being kept quite dark. 

The figures reflected from smoke are extremely sur- 
prising. To perform such experiments a phantasmago- 
ria is necessary. The focus is so adjusted that the dis-^ 
tant image falls just above a brasier containing lighted 
charcoal. Everything being ready, a few grains of oli- 
banum or other gum are thrown on the coals, and the 
smoke that rises immediately affords a screen for the 
reflection of the images proceeding from the phantasmar 
goria. If the amateur is not the possessor of a magic 
lantern, a properly arranged concave mirror will answer 
almost the same purpose. 
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CHAPTER IV. 

THB PROPERTIES OF MIRRORS. 

Almost every one in his yonnger days has possessed 
Und broken that pretty instrument known as the ka- 
leidoscope. His researches into its construction no doubt 
taught him that it consisted of a cylindrical tube in tin 
or cardboard, with a moveable cap at one end and a 
small hole at the other. In the interior of the tube 
were found two long blackened glasses placed at an 
angle, and kept in position by pieces of cork. The 
moveable cap was provided with two circular pieces of 
glass, one ground and the other transparent, between 
which were placed a number of pieces of coloured glass. 
On holding the instrument up to the light and looking 
through the eye-piece, a beautifully coloured star was seen 
whose form and hue changed by simply shakinsthe tube. 

The kaleidoscope was invented by Sir David^rewster, 
and is exceedingly simple in principle. We all know 
that if a luminous object, such as a taper, is placed be- 
fore a mirror, it gives forth rays of light in all direc- 
tions. Amongst these luminous rays, those that fall on 
the surface of the mirror are, of course, reflected in such 
a manner that the angle of reflection is equal to the 
angle of incidence. If another mirror be placed at right 
angles to the first, and an object be put in the angle, 
the image of it will be multiplied four times. If the 
angle be diminished to 60^, six reflections will be seen, 
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and SO on. A symmetrical figure is constantly obtained, 
forming in one case a cross composed of foar similar 
/ portions ; in the other a triple star, the halves of each 
ray being similar. It is the symmetry of the figure that 
gives the pleasing effect. In the ordinary kaleidoscope 
the angle made by the reflecting surfaces is thirty de- 
grees, and a star of six rays is formed, the halves of 
each ray being alike. The figures formed in the ka- 
leidoscope are simply endless ; and if the space between 
the glasses in the moveable cap be filled with bits of 
opaque as. well as transparent substances, the varieties 
of light and shade may be added to those of colour. It 
was at one time the fashion to copy the images 
formed in the kaleidoscope as paterns for room papers, 
muslins, curtains, shawls, and other similar fabrics, but 
thanks to the spread of artistic taste in this country the 
iecorative designer now relies more on his own talent 
than any aid he may receive from optical instruments. 

Plane mirrors, as we have seen, reflect objects up- 
right and symmetrical, reversing only the sides. Con- 
cave mirrors reverse them, and if they are not placed 
exactly in the proper focus, distort them by making one 
portion appear smaller than the other; while convex 
mirrors reflect them in an upright position, but also 
similarly slightly distorted. But when the mirror is 
not a portion of a sphere, like those whose properties 
we have been considering, the distortion is increased to 
so great an extent as to deform Ihe ol)ject so that it is 
difficult to recognise its nature from its reflection. We 
all know the distortion that our face undergoes when 
reflected from, the shining surface of a teapot or spoon, 
and the cylindrical mirrors that hang in the shop win- 
dows of many opticians are the source of much amuse- 
ment to the passers by, whose physiognomies are shown 
to them either lengthened to many times their natural 
size, or widened to an extent that is ludicrously hide- 
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0U3, according to the position id which the mirror U 
hung. Such diatortions are known to opticians as ana- 
morphotet, from two Greek words signifying the de- 
struction of form ; and distorted drawings used to be 
sold at one time which when reflected from the surface 
of the cylindrical mirror, hecamo perfectly symmetrical. 
Anamorphic drawings may be also made, which when 
looked at in the ordinary manner appear distorted, but 
when viewed from a particular point have their symme- 
try restored to them. With a little knowledge of draw- 
ing, it is not difficult to produce these in great variety, 
suppose the portrait in fie. 62 to be divided horizon- 
tally and vertically by equidistant lines comprehended 
within the square a b c d. 



Upon a second piece of paper draw the figtire shown 
in fig. 63 in the following manner. Draw the horizon- 
tal line a h equal to A B (fig. 62,) and divide it into the 
same number of parts. Through the centre draw a 
perpendicular line to v, and cross it by a line e d 
parallel to a J. Lastly, draw v s horiaontal to c d. 
The length of the two lines e v and s v is quite arbitrary, 
but the longer you make the former in proportion to the 
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latter the greater will be the distortion of the drawing 
Now draw the lines v 1, v 2, v 3, and v 4, and join g 
to a. Wherever s a crosses the divisions 1, 2, e 3, 4, 
and bj draw a horizontal line, parallel of course with 
a b. Tou will thus have a trapezium abed divided 
into as many spaces as the square A B c d in iSg. 62, 
and it now remains to fill them in with similar portions 
of the figure. Thus, for instance, the nose is in the 
fourth vertical division, starting from the left, and in 
the third and fourth counting from the top ; in order, 
therefore, to make it occupy so lengthened a space it 
must be considerably distorted by the pencil. It will 
be readily seen also that the more numerous the spaces 
into which the square is divided, the easier it will be 
to draw the distorted picture. It is by this means that 
the ananwrphosia shown in fig. 63 has been drawn. 

The next thing to do is to find the point of view 
from which we can see the figure in its natural propor- 
tions. This will be found to be at a distance above the 
point V equal to the line V s. In order to complete the 
experiment it is simply necessary to place the distorted 
picture in a horizontal position, and fix a piece of card- 
board vertically at the point v. If a hole be punched 
in it at a distance from v equal to s, and the drawing 
be looked at through it, the whole of the parts will fall 
into symmetry immediately. 

The experiment may be tried first with fig. 63, the 
hole being made rather large, and the eye placed at a 
distance of from 3 to 4 inches. 

It would be difficult, without having recourse to 
geometrical formulae, to explain how it happens that 
by placing the eye at a particular point the distorted 
lines of the drawing become symmetrical ; but perhaps 
a mechanical demonstration will help to make this 
difficult subject a little plainer. 
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Draw in outline any figure upon a piece of cardboard, 
and make a Beriea of pin-holes along the most prominent 
lines of the drawing, taking care tiiat they are pretty 



close together. Place the perforated card in a vertical 
position on a sheet of paper, so that the rays from a 
candle or lamp may fall, on the flat surface beneath. Oa 
looking at the luminous figure formed from the drawing, 
you will find that it is as much distorted as the ludy'a 
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head in fig. 63, and that the lower you place the candle 
the greater will be the deformity. You may if you 
please, trace the luminous figure on the paper, and the 
result will appear distorted when looked at in the ordi- 
nary manner, but symmetrical when viewed from the 
point at which the flame of the candle was placed. 

In the foregoing experiments we have spoken of the 
anamorphic drawings as being placed in a horizontal 
position, but they may be looked at just as well verti- 
cally, the card with the hole being in this instance hori- 
zontal. It is also not necessary that the point of sight 
(v, fig. 63) should be in the centre of the picture ; it 
may be placed at one side or the other, care being 
taken to draw all the divisional lines so that they meet 
at this particular spot. A few experiments with a can- 
dle and a perforated figure will soon show the student 
how to accomplish this. 

Anamorphoses by reflection may be prepared, if this 
principle is carried out, which appear a mass of con- 
fused lines until they are reflected in a cylindrical mir- 
ror. Formerly opticians were accustomed to construct 
anamorphoses which became symmetrical pictures when 
viewed in a conical mirror ; but the fashion for such 
toys appears to have gone out. Such drawings were 
extremely difficult to make, and the mirrors, having to 
be ground and polished with great care, were very ex- 
pensive. 

Some experimentalists have carried the subject so 
far that, by looking at the drawing of an object in par- 
ticular positions, it changed into quite a different sub- 
ject. In the cloister of an abbey that once existed in 
Paris, there were two anamorphoses of this kind. They 
were the work of a certain Father Niceron, who has 
left behind him a treatise in Latin on optical wonders, 
entitled Thaumaturgus Opticus^ which contains a long 
essay on anamorphoses. One of these pictures repre- 
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Bented St. John the Eyangelist writing his Gospel; the 
other Mary Magdalene. When looked at in the ordi- 
nary manner, they appeared to he landscapes; bat 
when the ohseryer placed himself in a particular posi- 
tion, they changed into the figures we have mentioned. 
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CHAPTER V. 

CHINESE SHADOWS. 

While upon the subject of optical wonders, we 
should hardly be forgiven if we did not give a descrip- 
tion of the amusement known as Chinese shadows, or 
Fantocini. In the winter time it is difficult to pass 
through any of the large thoroughfares of London after 
nightfall, without seeing a crowd admiring the popular 
fantocini farces of the "Broken Bridge," or ''Billy 
Button ; " and although these dramatic exhibitions are 
not always free from vulgarity, they are received with 
vociferous applause by at least the younger portion of 
the audience. 

The apparatus for the exhibition of the fantocini is 
generally very simple. The screen on which they are 
shown is generally made of calico rendered semi-trans- 
parent with copal varnish, and the figures are cut out 
of cardboard. Frames containing landscapes and scenes 
of different kinds are also provided, which are cut out 
in the same material. The dramatis personce are gen- 
erally made with moveable limbs, which they throw about 
in the most unanatomical manner, and the showman is 
often endowed with ventriloquial talents of no mean or- 
der. This amusement is to be found in all parts of the 
world, from the Strand and Tottenham Court Boad 
London, to the streets of Algiers and Java. A graphic 
writer in the Magasin Pittoresque gives a pleasant de- 
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scription of the fantocini, as exhibited at the Arabs' 
theatre in the Mohamihedan quarter of the city of Al- 
giers. It was on the occasion of the feast of the Bai- 
ram, which immediately follows the termination of the 
Ramadan, or Mohammedan Lent. The theatre, which 
was the only one frequented by the Arab population, 
consisted simply of a long vaulted hall, without seats, 
boxes, or galleries ; but the audieijce, who had already 
been there some time, did not seem to regard the omis- 
sion as of any consequence, but had seated themselves 
on the ground with great coolness, chatting in whispers, 
and waiting patiently until the director should consider 
the place full enough to begin the performance. Half 
an hour elapsed, and the spectators still chatted on 
quite unconcernedly ; an hour, and yet there was no 
hissing or stamping of feet from thiB grave and patient 
spectators. At last they reached the maximum, and a 
boy came forward and blew out the few lamps with 
which the theatre was lighted, leaving them to smoulder 
away with a perfume that was certainly not Oriental in 
its character. First came the legend of the Seven 
Sleepers; then Scheherazade relating her bewitching 
stories to the Sultan. These were followed by Aladdin 
and the Wonderful Lamp, a story that is as popular in 
Algiers as it is in London or Patis ; the whole culmina- 
ting in a kind of burlesque, in which a great deal of 
gross fun was mixed up with a number of rebellious al- 
lusions. The devil, for instance, who is of course one 
of the members of the troupe, is portrayed as a French 
soldier, bearing a cross on his breast like an ancient 
Crusader. After him came Carhageuse, who is the 
buffoon of the Eastern stage, and who makes violent 
but unsuccessful love to a chiarming young Jewess. 
There was a poor barber who was raised to the dignity 
of grand vizier, his successor's head being cut off by the 
yataghan of the Oriental Jack Ketch, to the great de- 
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light of the people. Then a wretched Jew receives the 
bastinado, amidst vociferous applause, which increases 
still higher when the ears of an unhappy Giaour are cut 
ofiF and thrown to the dogs. Throughout the piece, it 
is of course the Mussulman who always triumphs, like 
the French guards at the Cirque ImperidU^ or the Brit- 
ish grenadiers at old Astley's. The performance con- 
cluded with a grand naval battle between the Moorish 
and Spanish fleets. The drum as usual served for can- 
non, there was a great deal of smoke and confusion, 
and the Christian fleet gradually sank under the con- 
tinuous fire of the Mussulmans amidst the plaudits and 
bravos of the crowd. 

In Java, the subjects of the fantocini are generally 
taken from the native mythology. The screen on which 
the shadows are exhibited is ten or twelve feet long, 
and five feet high, and the figures are cut of thick 
leather, their limbs being moved by thin pieces of nearly 
transparent horn. 

In fig. 64 we see another kind of Chinese shadows, 
in which the lights of the figure are cut out. These 

Eictures are perfectly unrecognisable as being even the 
asest imitation of any known form ; but when their 
shadows are thrown on the wall, the cut-out portions 
show us lights, whilst those that have been left form 
the shadows. On the Boulevard des Capucines, at 
Paris, there used to be a man who managed to pick up 
a good living by selling these candle shadows. Of course 
he used to carry on his trade of an evening, and with 
a strong lamp he would throw the shadows of his 
figures on the white walls of the houses, or the blind of 
a shop window, or even on the pavement. With a little 
care and ingenuity a number of these amusing cards 
may be easily designed. In shelving them, care must 
be taken to choose the best distances between the li^ht 
and the paper, and between this latter and the wall. 



228 THE WONDERS OP OPTICS. 

If the card be placed too close to the wall, the resulting 
shadows will be too dark, and the outlines too sharp ; 
if, on the contrary, the light is placed too far oflF, the 
outlines become confused, and the proper effect is 
lost. 

Shadows have been applied before now to the propa^ 

fation of seditious ideas. " In 1817,'* says an esteemed 
'rench author, " one winter's night we were all sitting 
round the table listening to my father, who was reading 
aloud an interesting book of the period, when a friend 
of our family, who had been formerly an oflScer of the 
Empire, entered the room. He was a serious, upright, 
soldierly man, and wore his coat buttoned up to his 
chin. He had hardly replied to our salutations, when 
he drew a chair to the table, and made a sign with his 
hands and eyes that plainly indicated silence and dis- 
cretion. There was something in the expression of his 
countenance that seemed to show that he had something 
mysterious in store for us, and we fully expected to hear 
some extraordinary news, or to see him bring out a 
Bonapartist pamphlet of more than usual importance. 
Our surprise was consequently great when we saw him 
slowly unscrew the top of his cane, which was turned 
out of boxwood, and presented nothing very remarkable 
either in form or material. He, however, took up a 
copybook which was lying on the table, placed it at a 
certain distance from the lamp, and then laid upon it 
the little piece of turned boxwood. At first we noticed 
nothing at all extraordinary, and he smiled at our want 
of intelligence, until at last my youngest brother cried 
out suddenly, ' Look ! there's the head of Napoleon !' 
and truly enough, we found, on looking more attentively 
at the shadows of the turned knob of the cane, that their 
profile was that of the great exile, most correctly and 
clearly portrayed. The old captain's face lighted up at 
the sight, and the tears came into his eyes. ' We shall 
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8ee Him asain,' he murmured in a low voice, and he 
hummed the burden of a BonapartiBt song then in 
vogue. During the rest of the evening he was very 



lively, and proved to us most conclusively, that before 
six months the Grande Armie would be revenged for 
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their defeat at Waterloo. Some weeks after, there was 
hardly a soldier in the town that did not possess a stick 
or a tobacco-pipe stopper, turned in this fashion, but 
one day a panic seized everybody, and the canes and 
pipe stoppers were all burnt." 

Fig. 65 represents historic heads cut in this way. 
During the Shakespeare Tercentenary excitement, a 
London turner made quite a little fortune by making 
heads of the great poet on the same principle. 
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CHAPTER VI. 

POLYORAMA-^DISSOLVING VIEWS — DIORAMA. 

The description of the polyorama naturally follows 
that of the phantasmagoria, being a practical applica- 
tion of precisely the same principles. In the case of 
the polyorama, however, two or even more lanterns of 
the best construction, are used. There are therefore 
two sets of lenses identical in every particular, placed 
side by side, in the same line, the foci of both being 
adjusted for the same spot, so that the images refracted 
from each may superpose each other without difficulty. 
In each instrument there are the same pictures, but 
they differ in certain particulars, as we shall see pres- 
ently. 

In the phantascopes shown in figs. 52 and 54 there 
are two sets of lenses ; the first carries a glass bearing 
the image of a skeleton in a winding sheet, while on the 
glass belonging to the second a naked skeleton is por- 
trayed. If, therefore, at a given instant the first lan- 
tern is shut off, the spectators see the winding sheet 
torn, as it were, suddenly from the spectre before them. 
The first lantern being turned on once more, the skele- 
ton is instantly reclothed in its hideous garb. 

It is of course not necessary always to choose such 
horrible subjects for representation, as it is possible 
to produce changes of a much more agreeable nature. 
For instance, a volcano may be depicted during its 
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tranquillity, with the sun shining on its verdant sides, 
and surmounted with a gently rising wreath of smoke. 
Then it may be shown at night, with its crater vomiting 
flames and red-hot stones, while streams of lava are 
flowing beneath. By proper mechanism, one lantern 
may be gradually shut and the other as. gradually 
opened, producing an effect that appears perfectly 
natural, from the gentle change which takes place. 
Daylight, twilight, and moonlight effects may be easily 
made to succeed each other in their proper order, and 
the most opposite scenes may be made to change each 
other by proper appliances. Those who have seen the 
dissolving views at the Polytechnic, know what effects 
. are produced by this very simple means. A virgin 
forest changes to a crowded church, which in turn dis- 
solves into a scene on the Alps. 

The diorama, properly so called, invented by the il- 
lustrious Daguerre, differs completely in principle from 
the apparatus we have just been describing. As its 
etymology indicates, the pictures shown are seen 
through. As in the case of the polyorama, there are 
two different effects painted upon the cloth, which are 
brought out by a double system of illumination. 

Fig. 66 will show the way in which these changes are 
managed. The large picture, which is hanging verti- 
cally, is painted both in front and behind. The front 
is illuminated by reflection from a semi-transparent 
screea placed over it, which receives the light of the 
floor above. The back is lighted from the windows be- 
hind, which are provided with blinds to regulate the 
amount of light. The effects produced by the diorama 
were truly marvellous, and Daguerre had a special ta- 
lent for this kind of painting. His famous Midnight 
MasSj which was exhibited at the Regent's Park, was 
one of the most renowned of his works. The scene first 
represented a dark, empty church, feebly lighted by a 
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small altar lamp, bat gradually the lights appeared here 
and there, worshippers congregated in front of the al- 
tar, filling the nave and aisles. In Paris the same 
scene was exhibited, representing the interior of the 
Church of St. Germain TAuxerrois with such perfect 
reality, that a countryman actually threw a halfpenny 
against the painted canvas, to see whether he were 
really in a church or not. 

The next scene represented the destruction of the 
village of Goldau, near Lucerne, by a landslip. First 
there appeared a smiling fertile valley, its sides crowned 
with verdure ; a storm gradually rose, the rain fell, the 
wind blew, the lightnings flashed, and the thunder rolled 
in the distance. Darkness at last closed in, and when 
the sun once more rose over the valley, nothing was to 
be seen but a mass of fallen rocks. 
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CHAPTER VIL 

THE 8TBRE0SG0PK. 

Having devoted so much space in the preceding 
chapters to optical amusements of a purely recreative 
character, it is only right that we should now say a few 
words on certain instruments of a less frivolous character 
than those we have lately been considering, and which 
deserve at our hands the most serious attention. We 
shall, therefore, in the present chapter, speak of an in- 
genious instrument which serves to show in relief the 
images of objects depicted on a flat surface. We have 
already seen, that although we have two eyes, provided 
with lenses and screens by means of which the images 
of things around us are formed, we only perceive 
a single object ; and the student has no doubt long 
since wondered why nature has bestowed two eyes upon 
us, when only one would have apparently served the 
same purpose. This question was for a long time a 
complete puzzle to philosophers, and it was not until 
Professor Wheatstone made his experiments on binocular 
vision in 1838, that the matter received a satisfactory 
explanation. He showed that each eye receives a dif- 
ferent impression of any object upon the retina, and that 
it is in consequence of the union of these slightly dis- 
similar images that the sensation of relief is experienced. 
A one-eyed man or a Cyclops would only partially 
perceive relief in the objects presented to his view, in 
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consequence of a single image being sent to his brain. 
He would, no doubt, after examining the things he saw 
with his hands, know they were solid, and generally see 
them so ; but if a new object were presented to his view 
he would have some difficulty in knowing whether it 
had a flat surface or not. 



Fio. 67. 



The principle of binocular vision may be explained 
as follows : If a playing die, such as is represented in 
fig. 67, be held out at arm's length in the position indi- 
cated in the figure, and looked at first with the left eye 
and then with the right, we shall find that in the first 
case we see a little of the three dots on the left-hand 
side, and in the second we lose sight of the three dots 
and see a little of the single one on the right-hand side. 
The images seen by each eye are, therefore, slightly dis- 
similar, and it stands to reason that, if by any means we 
can combine two slightly dissimilar flat pictures of a 
solid object, we shall see it in relief. This was proved 
practically by Professor Wheatstone, who constructed 
an instrument capable of efiFecting the desired union, 
and which has since been called the stereoscope, from 
two Greek words signifying * to see solid.' The instrument 
remained for a long time fallow, so to speak, from the 
difficulty of drawing two pictures that should be iden- 
tical in size and details, although dissimilar in the 
arrangement of their perspective. It was, therefore, not 
until photography enabled us to do this with the greatest 
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ease and exactitude that the stereoscope became com- 
mon. The instrument first devised by Professor Wheat- 
stone, was what is termed a reflecting stereoscope, and 
was expensive to make and cumbrous to use. It was 



modified by Sir David Brewster, by the snbstitntion of 
prisms for reflectors, and was thus made cheaper and 
more portable. The refracting form of stereoscope is 
so familiar to most people, that it really needs no 
description. It will only be necessary to mention that 
the prisms used in the eye-pieces are made by cutting 
a double convex lens in two, and reversing the halves. 
They are so placed that the centre of each prism is just 
in the centre of each eye ; but as the eyes of dfierent 
people vary in distance, an arrangement is generally 
added so that the eye-pieces may slide from side to side. 
Being cut from lenses, the prisms have a magnifying 
power; consequently other means are provided for 
sliding them up and down to suit the length of focns 
in difierent eyes. 

In fig. 69 we can follow the path of the raya pro- 
ceeding from each picture, and reach the eyes appa- 
rently from a spot exactly between the two. 

In the reflecting stereoscope two mirrors are joined 
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together at right angles to each other, the two pictures 
being placed at each side, at a distance corresponding 
to their size. The reflecting instrument, although not 



\ 



f 





Fig. 69.— The Principle of the Refracting Stereoscope. 

80 portable, is in some sort superior to the other, 
inasmuch as pictures of any size can be seen by it, 
whilst in the smaller instrument the size of the photo- 
graph is limited by the distance at which the eyes are 
placed. 

It should be mentioned, that no optical instrument of 
any kind is absolutely necessary to obtain a stereoscopic 
effect from two suitable drawings or photographs, as it 
is quite possible by a little management of the eyes to 
cause the two images to combine with each other. Re- 
ferring again to fig. 67, it will be perceived that the 
two figures of the dice are about an inch and a half 
from each other. Holdino: the book at about ten inches 
from the eye, they are viewed by squinting strongly 
until the riffht eye looks at the left die, and the left eye 
at the right. This may be also done by converging the 
eyes on a point beyond the centre of the figure, which 
maybe easily done by looking at a point midway between 
the two. In both cases the images at first appear dou- 
bled, and we see four dice, but a little practice will soon 
enable you to cause the two inside images to coalesce, 
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and 80 give the effect of relief. It is trae that even then 
three images are seen, but the eye soon grows mccos- 
tomed to neglect them altogether. This habit is a rerj 
pleasant acquirement for the London fldneur^ who can 
thus see in perfection the numberless stereoscopic views 
now shown in our shop- windows without the intervention 
of an instrument of any kind. 

The method of photographing subjects for the stereo- 
scope is very simple, and consists in taking two views 
of the object to be depicted, from two different points. 
According to the distance of these points from each 
other, so will the resulting pictures appear in greater or 
less relief. This is readily seen in some stereoscopic 
portraits which have been taken at a large angle, and 
consequently show such increased relief as to produce 
distortion. Theoretically, the interval of the two points 
of view ought to be two inches and a half, that being 
the average distance, between the two eyes ; but in 
practice it is better to increase it in the case of portraits 
or other near objects to about twelve inches, and in that 
of views to even several feet. Brewster's original rule 
for taking stereoscopic photographs, was to place the 
cameras one foot apart for every twenty-five feet of dis- 
tance. The beautiful stereoscopic pictures of the moon 
photographed by Mr. Warren de la Rue were taken at 
more than 1,000 miles' distance, in order to obtain the 
necessary relief. The principle of the stereoscope has 
received many useful applications in the way of book 
illustrations, art teaching, and anatomical demonstra- 
tion, and has thus gained a position among philoso- 
phical instruments that it did not at first possess. 

A combination of the principles of the phenakisti- 
scope (fig. 4) and stereoscope, has resulted in the 
invention of an instrument called the stereotrope. A 
number of binocular photographs of some object in 
motion — a steam-engine, for instance — are taken when 
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the moving parts are ia difiFerent positions, and mounted 
on two revolving discs, the images being combined by 
means of a pair of semi-lenses, as in the ordinary re- 
fracting stereoscope. 

We cannot leave this subject without describing the 
pseudoscope, also the invention of Professor "Wheat- 
stone. If a stereoscopic pair of photographs of some 
solid body — a ball, for instance — are mounted the re- 
verse way, that is to say, if the picture intended to be 
looked at by the right eye is placed on the left, the 
relief of the object will be reversed, and the ball will 
appear as a hollow hemisphere. If, therefore, we can 
by means of lenses or prisms cause the image of any 
natural object, as seen by the right eye, to be conveyed 
to the left, and viceversdy we shall seethe relief reversed. 
A conical cap will appear in relief as a cone, a globe 
will look like a hollow sphere, and the human face will 
take the semblance of the inside of a mask. The same 
deception may be effected by looking at a seal through 
a short-focused lens, so that the image shall seem re- 
versed. In this case, the light coming apparently from 
the wrong side, and shining on the parts in relief, gives 
them the appearance of being hollow. An intaglio 
will, of course, appear in relief when so looked at. 
Photographs of gems and bas-reliefs will also present 
a pseudoscopic appearance, if looked at in a light 
coming from the opposite side to that in which they 
were taken. The same appearance may be seen some- 
times in wall papers having patterns painted in strong 
relief. 
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CHAPTER VIII. 

THE CAMERA OBSCURA AND CAMERA LUCIDA. 

The construction of the camera obscura is found- 
ed on the fact that the rays of light, when col- 
lected into a point either by being passed through a small 
hole or a converging lens, form an image of the objects 
from which they proceed at the point of meeting. 
This may be readily tried by piercing the shutter of a 
room with a small hole, and holding a piece of paper 
within a short distance of it. It will be noticed that 
the smaller the hole the more distant will be the 
image formed. The first person who observed this fact 
was John Baptist Porta, an Italian philosopher who 
lived in the latter part of the seventeenth century. He 
noticed that when a screen was placed opposite a small 
hole in the shutter of his room, the objects outside were 
depicted on it in a reversed position with moderate dis- 
tinctness ; but that when a biconvex lens was placed 
over the hole, the picture was rendered much more 
distinct. This was the first attempt at the formation of 
the camera obscura, an instrument that has since be- 
stowed such incalculable benefits on humanity. 

The shape of the images so formed is independent of 
the shape of the opening, which, as long as it is suffi- 
ciently small, may be square, oval, or triangular. This 
may be easily seen when the sun shines through the 
intervals between the leaves of a shady avenue or bower 
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of trees. The image of the sun as a circular patch of 
light is seen scattered over the surface of the ground, 
although the accidental intervals formed by the leaves 
above were of a thousand diflFerent shapes. These 
images at the time of an eclipse of the sun are very 
surprising, taking, as they do, the form of a crescent, 
more or less large according to the magnitude of the 
eclipse. 

This property possessed by the rays of light, of de- 
picting on a screen the forms and colours of the objects 
from which they proceed when passed through a small 
aperture or a lens, is taken advantage of in most places 
famous for their natural scenery. The apparatus em- 
ployed for this purpose is comparatively simple, consist- 
ing merely of a dark wooden hut, with a whitened table 
in the centre, and a mirror and lens in the apex of the 
roof. In fig. 70 we have a section of a camera obscura 
of this kind. The mirror and lens at the top of the 
apparatus are made to revolve, so as to bring every part 
of the landscape into view in turn. A camera obscura 
in a position commanding* a. view of moving objects, 
such as ships sailing to and fro, or the busy streets of 
a populous town, is an unending source of amusement, 
and may be easily and cheaply constructed. 

The camera obscura has been much utilized for taking 
hasty but exact sketches of various places. For this 
purpose it is made very light, and mounted on three legs 
carrying at their junction a flat table, whereon is placed 
the paper to receive the drawing. The tripod is cov- 
ered with a black curtain, which, falling over the artist, 
eflectually excludes all the rays of light except those 
which pass through the lens and are reflected downwards 
by the mirror. In the better kind of apparatus the 
mirror is replaced by a prism, which throws a clearer 
image than a mirror upon the screen. 

It is on these properties of the camera obscura that 
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the art of photography was founded. Everybody who 
saw the beautiful images formed by this instrument was 
struck with the idea that by some means or other they 
could be fixed on paper. After numberless attempts the 
long-wished-for goal was at length arrived at ; and now 
optics, aided by chemistry, is enabled to depict for us 
natural objects of every kind, from the distorted limb 
of the hospital patient to the beautiful forms of the 
queens and empresses of the world — from the tiniest 
animalcule to the great sun itself, who is compelled by 
the might of science to paint his own portrait for us 
with all his faults and imperfections. 

The lenses used for photographic purposes have only 
reached their present state of perfection after ceaseless 
labours of the philosophers and opticians of all coun- 
tries. At first only a single lens was used, but it was 
found that the rays which exercised a chemical action 
did not meet in the same point as the rays of light, for 
it must be remembered that it is not the light we see 
that acts upon the substances used in photography, but 
another influence, known as actinism. It was also 
found that a single lens would not give a flat picture 
when the whole of its aperture was used, the edges of 
the image being always blurred and indistinct. This 
latter defect was found to be partially obviated by de- 
creasing the opening, but this remedy shut ofi* the light 
and prolonged the process. Gradually these two de- 
fects were removed, and now every photographer, no 
matter how humble, is possessed of a lens capable of 
taking a clear picture, every detail of which is perfectly 
distinct and faithful. 

The camera lucida bears a great analogy to the ca- 
mera obscura in the purpose for which it is used, though 
not in the principle on which it is constructed. It is 
employed, like the preceding instrument, for obtaining 
faithful copies of a landscape, a building, or even of an- 
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other drawing. It was invented by Dr. Wollaston, in 
1804, and consists of a little four-sided prism, of which 
fioj. 71 is a section. 




Fig. 71. — Section of Camera Lucida. 



The angle at A is a right angle ; the angle B measures 
67J°, the angle c 135°, and the angle d is, of course, 
equal to B. It is mounted on a sliding foot, so that it 
may be raised or lowered at will, or turned in a hori- 
zontal direction. The path of the rays in this case is 
easy to follow, the object to be copied being placed at 
L, and the eye at i. On looking downwards the image 
of the object to be drawn is seen on the paper; and if 
the eye is placed so that the edge of the prism will just 
cut the pupil in two, the paper and pencil will be seen 
at the same time. It will be seen from the diagram, 
that the rays proceeding from L strike on the surface A 
B at right angles, and, being then reflected from c b, 
pass upwards again to point B. The direction of the 
rays is in reality a little more complicated than this. 
In the case of distant objects it is impossible to see 
both the object and the pencil at the same time; a lens 
is sometimes introduced at I to modify this defect. The 
original instrument has also been modified by the intro- 
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duction of a triangular prism, in conjanction with plates 
of coloured glass, but the difficulty of rendering the 
image and the paper of the same strength is very great. 
The instrument is also hard to use, from the additional 
difficulty of always keeping the head in the same posi- 
tion, for the least movement from left or right is suffi- 
cient to throw the whole drawing out. 

A simple camera lucida may be made out of a small 
piece of looking-glass, mounted at an angle of 45^, or 
half-way between the horizontal and the perpendicular. 
If this be turned towards the drawing or view to be 
copied, and the left eye applied to the mirror, the image 
of the object will be seen on the paper below, and the 
pencil may be guided with the right. The proper use 
of this simple little instrument depends in a great mea- 
sure upon the focus of each eye being the same. The 
light falling on the paper, too, requires very careful 
adjusting, otherwise the brighter object will eclipse the 
other. It is a good plan, too, to whiten the pencil or 
pen used, so that it may not so easily be lost when draw- 
ing the brighter parts of the object. We have seen 
excellent drawings made from plants by means of a 
little instrument of this kind, which simply consisted 
of a piece of looking-glass inserted in a cork stuck in a 
glass bottle. 
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CHAPTER IX. 

THE SPECTROSCOPE. 

Wb now come to speak of an instrument which may 
fairly rank, after the telescope and microscope, as one 
of the most wonderful discoveries of modern optical 
science. By its means we have not only discovered 
four new elementary bodies, which are found in certain 
minerals in inconceivably small quantities, but we have 
also determined the chemical composition of some of 
the remotest stars and nebulae. 

In 1701 Newton discovered that if an ordinary ray 
of white light was admitted through a small hole into a 
dark chamber, and thence passed through a triangular 
prism, it became decomposed into a coloured Jband, 
known as the solar spectrum. As we have already ex- 
plained that this decomposition is caused by the different 
coloured rays that make up white light being bent un- 
equally by the action of the prism, we trust the follow- 
ing explanations will be readily understood. In 1802 
Dr. WoUaston, an English philosopher, discovered that 
by using a narrow slit, instead of a round hole, the re- 
sulting spectrum was no longer continuous, but was 
divided at intervals by dark lines extending across it in 
a direction parallel to the edges of the prism. These 
lines attracted considerable attention at the time, but it 
was not until 1815, that Fraunhofer, an optician of 
Munich, investigated them with accuracy. He mapped 
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and counted no less than six hundred of them, identify- 
ing eight of the most conspicuous by the first eight 
letters of the alphabet. Their positions are as follow ; — 

A. Beginning of red. E. Middle of green. 

B. Middle of red. F. Beginning of blue. 

C. Beginning of orange. O. Middle of indigo. 

D. Middle of yellow. U. Middle of violet. 

The designations of these lines have been retained to 
the present day, and they have been named after the 
Munich philosopher, being known as Fraunhofer's lines. 
They are to be seen in all parts of the spectrum, and 
increase in number and fineness according as the width 
of the slit through which the light passes is diminished. 
It may be asked, how it happens that they increase in 
proportion to the narrowness of the aperture admitting 
the light ? A little consideration will soon show the 
reason of this. 

When a beam of light is passed through a hole of, let 
us say, the eighth of an inch in diameter and decom- 
posed by a prism, the spectrum so produced is imperfect, 
inasmuch as an infinite number of spectra^ are thus su- 
perposed, and for this reason, that the rays of light 
entering on the right side of the aperture will give a 
spectrum falling in a different place to that formed by 
the rays entering on the left. In order, therefore, to 
diminish the confusion caused by the superposition of a 
number of spectra, the aperture ought to be reduced to 
a narrow slit. When the thin slice of light passing 
through the slit is decomposed by the prism, we find 
that not only is the purity of the colours greatly in- 
creased, but the lines in question make their appearance 
more or less in all parts of the coloured band. 

These lines are very unequally distributed, some being 
crowded together in masses, while others are extremely 
faint, and are separated by large intervals. Their 
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position is well marked and determined, no matter from 
what source we obtain our beam of sunlight. Whether 
the spectrum be produced from the sun itself, or from 
the reflected light proceeding from the moon or planets, 
they are still found in the same place ; only that in the 
latter case they are not so numerous, on account of the 
light being much fainter. For many years the cause of 
these lines remained a complete mystery, and it was not 
until Bunsen and KirchhofiF undertook their investigation 
that a satisfactory explanation of their origin was ar- 
rived at. In order to explain this, we must consider 
briefly the properties of the spectra of flames, and other 
luminous bodies. 

If, instead of the light of the sun, we examine pris- 
matically the light given oflF by an incandescent body, 
fiuch as a white-hot piece of platinum, we shall find that 
the lines seen in the solar spectrum are absent, and that 
we have a continuous band of coloured light quite unin- 
terrupted by dark spaces or bands. The same absence 
of lines is seen in the spectra of the electric light and 
the flame of an ordinary candle, the light in each of 
these cases being produced by particles of carbon in a 
state of vivid incandescence. But if we examine the 
flame of incandescent gases, we shall find a spectrum of 
an entirely new kind. Thus if we examine an ordinary 
gaslight through a slit with a prism, we shall obtain a 
continuous spectrum, in consequence of the luminous 
portion of the flame consisting of solid carbon in a state 
of incandescence ; but if we turn down the flame, so as 
to lessen the amount of carbon to be burned, we shall 
find the whole of that body is converted into feebly lumi- 
nous gas, giving off" a faint reddish blue light. If we 
now again examine it in the same manner, we shall find 
that the spectrum produced consists of black spaces, 
here and there crossed by a few faint coloured lines or 
bands. The reason of this is obvious : in the faint flame 
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caased by the carbon and hydrogen in a state of lumi- 
nous vapour, which only have a few of the colours of the 
spectrum, which, when passed through the prism, fall 
into their proper places. All substances with which we 
are acquainted are capable of being converted into lu- 
minous vapour by means of heat, and when thus burnt 
produce flames of more or less faint luminosity, gene- 
rally characteristically coloured. A piece of soda 
inserted in the wick of a spirit lamp gives a yellow tinge 
to the flame ; a morsel of saltpetre (nitrate of potash) 
or nitrate of strontia will give a purple and crimson 
tint respectively. These hues are caused by the metals 
sodium, potassium, and strontium contained in these 
salts being converted into luminous vapour. On ana- 
lyzing these coloured flames with a prism, as before, we 
should find in the case of the soda a single broad yellow 
line, situated ju3t in the middle of the yellow portion of 
the spectrum, the rest of the space where the spectrum 
should be being perfectly dark. The reason of this is 
pretty simple. Sodium burns with a pure yellow flame, 
consequently when passed through a prism it cannot 
split into any other colours, but takes its place in the 
position belonging to yellow of that particular hue. 
Were it a little more orange or green in tint, it would 
take its place nearer to the red or violet end of the 
spectrum. The light from saltpetre, which contains 
potassium may next be examined. It will be found to 
tinge the flame with the spirit-lamp of a beautiful purple. 
We can almost guess what will happen when this flame 
is submitted to the action of the prism. We shall find 
that the purple light emitted will split into red and 
violet, which will immediately arrange themselves in 
their proper positions according to their hues. If in 
like manner we substitute nitrate of strontia for salt- 
petre, we shall get a splendid crimson flame which is 
decomposed by the prism into red, orange, or blue. 
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On submitting the compounds of the other elements 
to the same tests, we shall find that each of them, when 
converted into luminous gas, is capable of producing 
coloured lines of various kinds when the light of their 
flames is passed through a prism. If, therefore, we had 
a number of salts of whose composition we were igno- 
rant, all we need do is to burn them in a spirit-lamp, 
and by the number and position in the lines of their 
spectra we should be able to tell immediately of what 
they were composed. 

The spectra of nearly all the elements capable of 
being connected with luminous gas have been determined 
with great accuracy. Perhaps the number and position 
of the lines of a few spectra will be interesting to the 
student. 

Sodium. — This is the metallic base of soda salts, and 
gives a single bright yellow line in the middle of the 
yellow, which is again resolved into several others, when 
a very perfect prism and very narrow slit are used. 

Potassium. — The base of the various salts of potash. 
It gives one line in the extreme red, one in the middle 
of the red, one in the violet, and a peculiar glow in the 
centre of the spectrum. 

Strontium. — The base of the strontia salts, of which 
the nitrate is used as the principal ingredient in the red 
fire of the theatres. It gives a group of lines in the 
red and orange, and a beautiful blue one in the middle 
of the blue. 

Barium. — The base of the baryta salts, one of which 
is used in making green fire. It gives several strong 
lines in the green, and a few in the red, orange, and 
yellow. 

After the position of the spectral lines of most of the 
elements had been discovered, Messrs. Bunsen and 
KirchhoflF were one day examining the saline deposit of 
a spring which issues from the earth near Durkheim, in 
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the Palatinate, and were surprised to find that a blue 
line belonging to no known metal made its appearance 
in addition to the potassium, sodium, and other lines 
produced by the saline ingredients of the water. These 
philosophers immediately concluded that the unknown 
line was caused by an unknown metal, and they at once 
set to work to obtain a larger quantity of trie saline 
residue from the spring. They evaporated down no less 
than forty tons of water, and succeeded in isolating the 
new substance, which turned out to be a metal resem- 
bling potassium. While examining the residue more 
carefully, a new, dark red line, beyond that belonging 
to potassium, was discovered, pointing to the existence 
of a second new element, which was also afterwards ob- 
tained in the pure state. These two new metals, which 
closely resemble potassium in their properties, were 
named in accordance with the lines given by them when 
converted into luminous gas. The first i/vas called cae- 
sium, from coedvSy Lat. light blue; and the other, rubi- 
dium, from rubiduSy Lat. dark red. Since the publica- 
tion of MM. Bunsen and Kirchhofi^s experiments, these 
two elements have been found in comparatively large 
quantities in various minerals, and these properties have 
been closely studied. 

Spectrum analysis has yielded us two more new 
metals since first these philosophers applied the prism 
to the determination of the chemical composition of 
various bodies. Mr. W. Crookes, F.R.S., an English 
chemist of eminence, while examining the flame of a ^ 
deposit obtained during the manufacture of sulphuric 
acid from a certain sulphur mineral found in the Harts 
mountains, perceived a brilliant green line with which 
he was previously unacquainted, which quickly flashed 
into view, and then disappeared. After numerous ex- 
periments on various other minerals (for the deposit he had 
first experimented upon only yielded him a few grains 
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of the new body), Mr, Crookes succeeded in discovering 
a comparatively large quantity of it in a sulphur mineral 
found in Belgium. The new element was found to be 
a heavy metal, closely resembling* lea J in its properties. 
It was named by the discoverer, thallium, from the 
Greek word tliallosy a green twig, from the brilliancy of 
the single green line that indicates its presence. In 
like manner, Messrs. Reich and Sichter have discovered 
a fourth new metal, which has been named inctium^ from 
its principal lines being found in the centre of the indi- 
go of the spectrum. 

The delicacy of spectrum analysis may be imagined 
from the fact that a quantity of sodium amounting to 
less than the two-millionth of a grain can be detected by 
its means. Indeed, it has taught us that sodium in one 
form or other exists almost everywhere. This mode 
of analysis is only serviceable to indicate the composi- 
tion of any salt or other substance, the quantities of the 
different elements found by its use having no influence 
on the appearances brought out by the prism. Thus, 
a substance which has only been contaminated with sodium 
from being handled by warm fingers, will show the yel- 
low band as strongly as if it contained a large propor- 
tion of that metal. 

For ordinary experiments in spectrum analysis the 
apparatus used is very simple. It consists of a tube 
with a fine slit at one end, and a convex lens at the 
other, for concentrating the light from the coloured 
flame upon the centre of the prism. After the light 
passes through the prism, it is examined by a small 
telescope of low magnifying power. The lamp used 
may be either a spirit-lamp or a colourless gas flame 
into which the substance to be examined is introduced 
upon a platinum wire. 

We now come to another very important discovery, 
made by means of our prism and narrow slit — the 
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determination of the composition of the photosphere or 
mass of luminous vapour surrounding the body of the 
sun. 

A simple experiment will show how this brilliant dis- 
covery was arrived at. The light of a candle or other 
flame containing incandescent solid matter is passed 
through the- spectroscope, and is found to decompose 
into a continuous spectrum, uninterrupted by dark lines. 
Between the light and the slit a spirit-lamp is placed, 
but no difiFerence in the appearance of the spectrum is 
perceived. Introduce, however, the smallest portion of 
a soda salt into the non-luminous flame of the second- 
lamp, and a broad black line is immediately seen, cross* 
ing the middle of the yellow portion of the band of co- 
lour. Remove the sodium flame and the band disap- 
pears ; but do the same with the lamp producing the 
spectrum, and the spectrum of course disappears, and 
the dark band caused by the sodium flame is changed 
to the yellow line produced by that metal. The same 
experiments may be tried with potassium, strontium, 
and other metals ; and we shall always find that when 
a coloured flame is introduced between an incandescent 
solid and its continuous spectrum, it produces a series 
of black lines corresponding to the substances by which 
it is coloured. Thallium, in like manner, would give a 
black band in the middle of the green, and indium a 
similar one in the indigo. (Fig. 6, Frontispiece.) 

The exact position of the black band in the middle of 
the yellow is shown in the coloured figure of the spec- 
trum so beautifully printed in the frontispiece of this 
book, and it has been found to correspond exactly with 
the dark line n of the solar spectrum. The inference 
from this fact is obvious. The incandescent portion of 
the sun gives off light corresponding in its properties to 
that emitted by the solid matter contained in the candle 
flame, but the photosphere containing the vapour of so- 



THE SPECTROSCOPE. 257 

dium cuts off that portion corresponding to the sodium 
line. • Accurate measurements prove that numberless 
other lines occurring in the solar spectrum are due to 
the vapours of other well known metals existing on the 
earth. Amongst these may be mentioned potassium, 
calcium (the base of lime), iron, nickel, chromium, and 
several others. This discovery with regard to the sun 
has resulted in the spectral examination of a large num- 
ber of the fixed stars and nebulae. F6r centuries the 
fixed stars refused to answer all questions put to them 
by mortals. The telescope showed them merely as bright 
points. Their nature and origin remained a beautiful 
mystery, until Dr. Miller, Mr. Huggins, Father Secchi, 
and a few other philosophers interrogated them in a 
manner that could not fail to draw forth an answer. 
They brought their light within range of their prisms, 
and forthwith they declared themselves to be suns like 
our own. It is true that before this they were looked 
on by most astronomers as bodies analogous to our 
own sun, but it was only reasoning from analogy, after 
all ; but we are now able to assert with all the certainty 
that is compatible with human fallibility that many ot 
these heavenly bodies are possessed of an incandescent 
centre, surrounded by a photosphere or envelope of 
gaseous matter in a luminous condition. It would be 
impossible to give a list of all the stars that have been 
examined up to the present time ; the composition of 
the photospheres of a few must therefore suflSce. It is 
singular that the elements hitherto discovered in the 
stars are those which are more or less abundant on the 
earth. Amongst them we may name hydrogen, nitro- 
gen, sodium, magnesium, barium, iron, antimony, bis- 
muth, tellurium, and mercury. The bright star in the 
constellation of Orion known as Betelgeux is one of the 
most singular in composition, the lines of its spectrum 
indicating the absence of hydrogen. If, as Messrs. 
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Huggins and Miller suggest, the worlds revolving round 
this star are also deficient in this element, they would 
be without water, like our moon. 

Upon a very clear night it may be noticed that the 
stars are not all of the same colour, but that many of 
them appear to be of a ruddy or yellowish tint. The 
cause of this is plainly seen when they are submitted to 
spectral analysis. Thus, Sirius, which is a brilliant 
white star, shows but three dark lines, while one of the 
stars in the constellation of Hercules shows several 
groups of bands in the red, blue, and green portions of 
its spectrum, fully accounting for its orange tint. 

The double star B Cygni is a very beautiful example 
of the distribution of colour between two members of a 
stellar group. One star shows a strong spectrum with 
the blue and violet portions almost totally blotted out, 
while its companion is similarly circumstanced with re- 
spect to the yellow and orange portions of its spectrum. 
The colour of one is consequently orange, while the 
other is of a delicate blue. If these stars are the 
principal members of a system, the alternation of blue 
and orange days must be indeed a singular phenomenon 
to those who inhabit their satellites. 

In some of the stars lines have been discovered 
which do not possess any equivalent amongst those pro- 
duced by terrestrial matter ; they consequently contain 
elements of which we know nothing ; at the same time, 
however, it has been found that terrestrial elements 
exist in some of the remote nebulae, which are so dis- 
tant that their light takes many billions of years to 
reach our earth. 

Spectrum analysis has decided the grand question of 
the physical composition of the nebulae. Those bodies 
were supposed, with some reason, to be aggregations of 
stars, like our Milky Way, which only required tele- 
scopes of sufficient power to resolve them. That they 
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partly consist of gaseous matter in a luminous condition 
is evidenced by their showing a series of bright lines in 
the spectroscope, exactly like those produced by terres- 
trial gases. Their light is therefore not emitted by a 
solid or liquid incandescent body, but by a glowing gas. 
The lines mentioned by Messrs. Huggins and Miller 
showed that the nebulae in the sword-handle of Orion 
consist of hydrogen and nitrogen in a state of luminous 
incandescence. Not the slightest trace of a continuous 
spectrum can be detected in the light emanating from 
this body ; consequently, according to present hypo- 
theses, it contains no solid matter at all. A number of 
other nebulae have given similar results. 

There are numerous star clusters which, unlike the 
true nebulae, give continuous spectra when their light 
is submitted to the action of the prism. Of these may 
be specially mentioned the great clusters in Andromeda 
and Hercules, which give continuous spectra, inter- 
rupted by dark bands on the red and orange. The 
light thrown by these experiments upon the nebular 
hypotheses of Sir William Herschel, who considered 
that true nebulae consisted of the primordial gaseous 
matter out of which suns and stars have been elabo- 
rated, is very great, and will be appreciated even by 
those whose knowledge of astronomy is small. 

Spectral analysis has also been the means of our wit- 
nessing a celestial conflagration, and understanding the 
cause of this marvellous event. It is well known to 
most people that from time to time stars have suddenly 
burst upon us, and have almost as suddenly disappeared. 
The theories advanced to account for these singular 
celestial visitors, have been more numerous than satis- 
factory. In May 1866, a star of the second magni- 
tude suddenly burst forth in the Northern Crown, and 
was almost immediately noticed by Mr, Huggins who 
brought every power of prism and telescope to bear 
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upon this extraordinary celestial phenomenon. Ho 
found the spectrum of the star to consist of two distinct 
spectra, one being formed by four bright lines, the 
other analogous to the spectra of the sun and stars. 
Consequently two kinds of light were given off by this 
star ; one forming a series of bright lines indicative of 
luminous gas, the other consisting of a continuous 
spectrum, crossed by dark lines, showing the existence 
of a solid body in a state of incandescence, surrounded 
by a photosphere of luminous vapours. Two of the 
bright lines undoubtedly showed the presence of 
hydrogen in a state of inflammation, the great bright- 
ness of the lines indicating that the burning gas was 
hotter than the photosphere. These facts taken in 
conjunction with the suddenness of the outburst in the 
star, and its immediate decline in brightness from the 
second down to the eighth magnitude in twelve days, 
suggest the startling speculation that the star had be- 
come suddenly wrapped in the flames of burning 
hydrogen, consequent possibly on some violent con- 
vulsion in the interior of the planet having set free 
enormous quantities of this gas. As the free hydrogen 
became exhausted, the spectrum showing the bright 
lines gradually waned until the star decreased in bril- 
liancy It must not be forgotten that the event seen by 
Mr. Huggins occurred many years ago, and that the 
light emitted by this marvellous celestial convulsion has 
been travelling to us ever since. 

Comets and meteors have been submitted to the test 
of spectral analysis. The former erratic visitors have 
been but few and small since stellar spectrum analysis 
has been perfected. In January 1866, Mr. Huggins 
brought his apparatus to bear upon a small comet, 
which gave a somewhat unexpected result. When the 
object was viewed in the spectroscope, two spectra were 
distinguishable — a very faint continuous spectrum of 
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the tail, showing that it reflected solar light, and a 
bright space towards the centre of the spectrum, indi- 
cating that the nucleous was self-luminous and gaseous. 

Mr. Alexander Herschel — the nephew and the grand- 
son of Sir John and Sir William Herschel — ^has recently 
succeeded in obtaining indications of the composition 
of the meteors that people the heavens in the months 
of August and November. The principal result of his 
observations appears to be, that sodium in a state of 
luminous vapour is present in the trains left behind 
these singular bodies. 

Lightning has also been similarly examined, and lines 
showing that hydrogen and nitrogen were rendered lu- 
minous during the electrical discharge, were seen with 
great distinctness. In fact, the applications of the 
prism to scientific discovery are almost endless, and 
in describing them it is difficult to tell where to draw 
the line. 

Before quitting this subject, it will be as well to say 
a few words on the fluorescent rays of the spectrum, to 
which allusion has already been made towards the end 
of Chapter IV., Part II. It was there said that the 
chemical power of the spectrum extends to some dis- 
tance beyond the extreme violet, a fact that may be 
readily proved by exposing a piece of photographic 
paper to the action of the dark portion of the spectrum. 
Professor Stokes found that there were means of render- 
ing these rays visible to the eye by altering their rate 
of vibration. This he found was possible by passing 
them through the solutions of certain substances, such 
as sulphate of quinine, horse-chestnut bark, &c. We 
have already said, that light vibrating at the rate of 
from 458 to 727 billion times a second, was capable of 
exciting luminous sensations upon the optic nerve. The 
latter is the rate of vibration of the extreme violet ray, 
and it has been found that the eyes of many persons are 
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not sufficiently sensitive to be influenced by it ; it is, 
therefore, just probable that there are animals whose 
eyes are so much more sensitive than ours, that they 
can see rays that exist far beyond those seen by us. 
Now, as difference of colour is produced by difference 
in the rate of vibration, it follows that those whose eyes 
are sensitive enough to perceive the extreme violet rays, 
see tints of violet that are inappreciable by others. 

The power of sulphate of quinine in reducing the 
luminous vibrations is easily seen by passing a tube 
filled with the solution successively through each of the 
colours of the spectrum formed by a quartz prism ; the 
ordinary colours will pass through the liquid as if it 
were simply water, but on arriving near the violet 
extremity a gleam of pale blue light will shoot across 
the tube, and continue to increase. As it is moved 
onwards the light will gradually die away, until a point 
is reached nearly equal in length to the whole of the 
visible spectrum, when it will disappear altogether. It 
is somewhat singular that no substance has yet been 
found that will increase the refrangibility of the dark 
rays beyond the red end of the spectrum. There are 
many artificial flames which produce this dark light (if 
we may use such a paradoxical expression) in greater 
quantity than the sun, whose light is no doubt greatly 
deteriorated in this respect during its passage through the 
atmosphere. The substance of which the prism is made 
also greatly influences the length of the invisible por- 
tion of the spectrum. By using a quartz prism and 
lenses of the same material Professor Stokes, found that 
the spectrum of the electric light could be traced for a 
distance equal to six times that of the visible portion. 

The action of certain substances in rendering the in- 
visible rays of light perceptible may be easily shown 
by any one possessing a horse-chestnut tree. A weak 
decoction of the inner portion of the bark having been 
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made and filtered through blotting-paper, or at any rate 
allowed to settle, the room is made quite dark and a 
piece of common brimstone is ignited. The pale blue 
light given ofiF is comparatively feeble, but it is very 
rich in the ultra-violet rays; consequently, when the 
infusion of horse-chestnut bark is poured into a tall jar 
of water, beautiful waves of phosphorescent light are 
seen flashing backwards and forwards as the two liquids 
mingle. The tincture of stramonium is also possessed 
of this property, and characters traced on paper with 
it, although nearly invisible by ordinary daylight, appear 
distinctly when examined by the light of burning 
sulphur. 
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CHAPTER X. 

SPECTRES — THE GHOST ILLUSION. 

We close our account of the wonders of optics by a 
description of the ghost illusion, which has been exhi- 
bited with such great success by M. Robin, the well- 
known French conjurer, Mr, Pepper, the enterprising 
manager of the Royal Polytechnic Institution, and seve- 
ral others. Before doing so, however, we will say a few 
words on those unpleasant visitations known as spectres, 
to which some people are liable, either through an over- 
worked brain or some organic disease. 

The peculiar appearances known as spectres in optics 
are certain illusions of vision in which an object is ap- 
parently presented to the view which does not really 
exist. In such cases either the brain, the retina, or the 
optic nerve are unnaturally excited, and made sensitive 
to an appearance that, physically speaking, does not 
exist. There is such a close connexion between the 
senses and the mind, that we continually, and without 
knowing it, transfer to the physical world that which 
belongs to the domain of thought. A picture which has 
struck U3 during the day will reappear to us at night 
during sleep, with every detail perfect, or possibly under 
a form modified by the capricious wanderings of our 
thoughts. A sudden fright may sometimes be the cause 
of optical illusions which will pursue us unceasingly. 
Fear, despair, passion, ambition, and other violent men- 
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tal phases, are capable of evoking images closely con- 
nected with the state of our brain, appearances that we 
often take for realities, and whose truths we have to 
test by our faculty of reasoning, before we can set them 
down as positive illusions. '^ In the most insignificant 
phenomena,'* says Sir David Brewster, "we find that 
the retina is so powerfully influenced by exterior im- 
pressions as to retain the images of visible objects for a 
long time after they have passed out of sight ; besides, 
this portion of the eye is so strongly influenced by local 
impressions of which we know neither the nature nor 
the origin, that we see the shapeless forms of coloured 
light moving about in the dark. In fact we have, in 
the cases of Newton and many others, examples of the 
ease with which the imagination revivifies the images 
of luminous objects for months or even years, after 
these impressions took place. After the occurrence of 
such phenomena, the mind can readily comprehend how 
thin is the division that separates reality from those 
spectral illusions which during a particular state of 
health have afflicted the most intelligent men, not merely 
those belonging to the community at large, but also 
the most learned philosophers.'* 

Spectres may properly be divided into two classes, 
those which may be termed subjective, which result from 
some unnatural action of our minds or bodies, and 
which properly belong to the science of physiology, and 
those which may be called objective, which are caused 
by some peculiar illusion acting on us from without. 
We shall pass lightly over the first, illustrating them 
by a single example, while we shall pay more serious 
attention to those belonging to the second class. 

Sir Walter Scott, in his Letters on Demonology and 
Witchcraft^ mentions a remarkable instance of the first 
order of spectres. A doctor of eminence was called in 
to attend a gentleman who occupied a high place in a 
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particular department connected with the administration 
of justice. Until the time that the physician's services 
became necessary, he had shown strong common sense 
and extraordinary firmness and integrity in every case 
in which he had been called upon to arbitrate. But after 
a certain epoch his temper became saddened, although 
his mind preserved its habitual strength and calmness. 
At the same time, the feebleness of ^is pulse, the loss 
of appetite, and impaired digestion seemed to point out 
to his medical adviser the existence of some serious 
source of disturbance. At first the sick man seemed 
inclined to keep the cause of the change in his health a 
profound secret ; but his melancholy bearing, confused 
answers, and the badly disguised constraint with which 
he sharply replied to the interrogations of the doctor, 
caused the latter to seek for information as to the cause 
of the disorder in other directions. He made minute 
inquiries of the various members of his unhappy pa- 
tient's family, but he could obtain no explanation of th« 
mystery. Every one was lost in conjecture as to the 
reason of the alarming condition of the patient, which 
did not appear to be justified by any loss of fortune or 
beloved friends. His age rendered the idea of an unsuc- 
cessful love affair improbable, and his known integrity 
precluded the possibility of remorse. The doctor accord- 
ingly was compelled to return once more to the straight 
road, and he used the most serious arguments with his pa- 
tient to induce him to conquer his obstinacy. At last 
the doctor's efforts took effect ; the patient allowed him- 
self to be convinced, and manifested his desire to open 
his mind frankly to the doctor. They were accordingly 
left alone, all the doors were securely fastened, and the 
patient made the following singular avowal. 

"You cannot be more firmly convinced, my dear 
friend, than I am myself, that I am on the eve of death, 
crushed by the fatal malady which has dried up the 
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sources of my life. You remember, without doubt, the 
disease of which the Duke of Olivarez died in Spain ?" 

"From the idea," replied the doctor, "that he was 
pursued by an apparition in whose existence he did not 
believe, and he died from the continual presence of this 
imaginary vision weighing down his strength, and break- 
ing his heart." 

" Well, my dear doctor," the patient went on, " I am 
in the same condition, and the presence of the vision 
that persecutes me is so painful and frightful, that my 
reason is totally helpless in controlling the effects of my 
imagination, and I feel that I am dying from the effects 
of an imaginary illness. My visions began two or three 
years since. At first I found myself embarrassed from 
time to time by thje presence of a great cat, which ap- 
peared and disappeared I knew not how. But at last 
the truth flashed across my mind, and I was compelled 
to look upon the creature, not as an ordinary domestic 
animal, but as a vision which had its origin in some de- 
rangement of the organs of sight or in my imagination. 
I have no antipathy to cats, in fact I am rather fond of 
them, so I endured the presence of my imaginary com- 
panion so well that at last I treated the whole affair 
with indifference. But at the end of several months 
the cat disappeared, and was replaced by a spectre of 
greater importance, and whose exterior was, to say the 
least of it, very imposing. It was neither more nor less 
than one of the high oflBcials of the House of Lords, in 
the full dress belonging to his dignity. 

" This personage, who was in court dress, with a bag- 
wig on his head, and a sword by his side, his coat splen- 
didly embroidered and his chapeau bras under his arm, 
glided along by my side like a shadow. Whether I was 
in my own house or elsewhere, he mounted the stairs 
before me, as if to announce my coming. Sometimes he 
seemed to mix with the company, although it was evident 
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that no one remarked his presence, and I was the sole 
witness of the chimerical honours that this imaginary 
individual seemed to render to me. This phantasy of 
my brain did not make a very strong impression on me, 
although it made me conceive doubts as to the state of 
my health, and the effects it would produce upon my 
reason. 

" This second phase of my malady, like the first, also 
came to an end. Some months after, the usher of the 
Upper House ceased showing himself, and he was re- 
placed by an apparition that was at once wearing to the 
mind and terrible to the sight. It was a skeleton. 
Whether I was alone or in company this frightful image 
of death never quitted me ; it dogged my footsteps and 
followed me everywhere, and seemed to be a shadow 
inseparable from myself. It was in vain that I repeated 
to myself a hundred times over that the vision was not 
real, and was only an illusion of my senses. The rea- 
soning of philosophy and my religious principles, strong 
though they are, are powerless to triumph over the in- 
fluence that besets me, and I feel that I shall die a 
victim to this cruel evil." 

"It seems then," interrupted the doctor, ** that this 
skeleton is always befpre your eyes ?" 

" It is my evil fate to see it continually before me." 

*'In which case it is at this moment visible to your 
eyes ?" 

" It is at present." 

" And in what part of the room do you imagine that 
you see it now ?" asked the doctor. 

" At the foot of my bed," replied the patient : " when 
the curtains are half open I can see it place itself in the 
empty space between them." 

*' You say that you are convinced that it is only an illu- 
sion,** replied the doctor ; "have you the firmness to con- 
vince yourself of it positively ? Have you the necessary 
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courage to get up and go and place yourself in the 
position which appears to be occupied by the spectre, in 
order to demonstrate to yourself positively that it is 
only a vision ?" 

The unfortunate man sighed and shook his head. 

" Well/* went on the doctor, " let us try another 
plan.'' 

He quitted the chair on which he was sitting, at the 
head of his patient's bed, and placing himself between 
the half opened curtains, in the place where the patient 
had pointed out the skeleton, he asked if the apparition 
was still visible. 

"Not the whole of it," answered the patient, "be- 
cause you are standing between him and me ; but I see 
his skull looking at me over your shoulder." 

In spite of his philosophy, the learned physician could 
not help starting to hear that the spectre was immedi- 
ately behind him. He had recourse to other questions, 
and tried endless remedies, but without success. The 
prostration of the patient, however, increased, and he 
died in the same distress of mind in which he had passed 
the last months of his life. This example is a sad proof 
of the power of the imagination over the life of the body 
even when the terrors endured are powerless in destroy- 
ing the judgment of the unfortunate sufferer. We will 
say more ; men who have the strongest nerves are not 
free from similar illusions. 

The second kind of spectres, in which the science of 
optics plays so important a part, is the result of the 
imagination being deceived by art with the assistance of 
science. 

These spectres are displayed in the ghost trick which 
has been practised at various Parisian theatres for a 
number of years, with very great success, more especially 
at the Thedtres du Chdtelet and Dejazet. The Adelphi, 
in London, also employed Mr. Pepper to heighten the 
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effect of the excellent acting of Mr. Toole and Mrs. Alfred 
Mellon, in the dramatic version of Dickens* " Haunted 
Man," by the introduction of various spectral effects. 
And the same trick was also called into requisition with 
some success in several of the minor theatres in New 
York and other cities of the United States. At the 
Polytechnic, in London, very remarkable effects were 
produced, and few who ever saw them will forget the 
surprise they felt at seeing the first representation 
of an imponderable ghost endowed with motion, and 
even speech. Amongst the most successful pro- 
ductions in this way was the entertainment of M. 
Robiu, one of the cleverest of the many successors of 
the great Robert Houdin, the prince of prestidigitators. 
M. Robin claims to be the inventor of the ghost illusion, 
and to have shown it frequently since 1847. Whether 
this be so or not it is not our business to decide, but wo 
can testify that his exhibition in the Boulevard du 
Temple drew all Paris to see it. Evening after evening 
he not only " called spirits from the vasty deep," but 
" made them come.*' He pierced them with swords, he 
fired pistols through them, and he made them appear 
and disappear at his slightest wish. He showed the 
Zouave at Inkermann, lying dead amongst a heap of 
slain, who at the familiar sound of the drum, rose, pale 
and grave, and showed the bleeding wounds from which 
he died. Amongst other scenes shown by M. Robin was 
one of a spectre appearing to an armed man, who after 
trying in vain to shut out the vision from his sight fires 
a pistol at the intruder. Fig. 72 shows the scene as seen 
by the audience, and fig. 73, the method by which the 
illusion is worked. The theatre is shown in section. On 
the left, at the end, are seen the spectators; on the right is 
the stage upon which the scene is represented. Beneath 
the stage is an actor clothed in white to personate a 
ghost, whose image is reflected by the glass above. 
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This glass is placed at an angle, and fills np the whole 
of the front of the stage, the edges being carefully con- 
cealed by curtains. The glass of course must be of a 
very large size, and should be of the very best quality, 
so that it cannot be seen by the audience. The actor 
must take care to place himself in such a position as to 
counteract the effect produced by the glass being placed 
at an angle. At first the cavaliisr is seen sitting at a 
table. After soliloquizing for a time in a very remorse- 
ful manner touching several murders that he has com- 
mitted, the ghost of one of his victims gradually appears. 
This is effected by gently turning the electric light upon 
the concealed actor. The murderer and victim parley for 
a short time, when the former, being unable to withstand 
the reproaches of the ghost any longer, fires a pistol at 
him point-blank. The ball of course takes no effect, so 
the villain draws a sword, but before it has left its 
scabbard the spirit of the victim has vanished with a 
mocking laugh, or, in other words, the electric light is 
suddenly turned off. The management of the light is 
exceedingly difficult unaer tnese circumstances; the 
theatre, the stage, and the portion beneath ought to be 
lighted in a very careful manner, for if either is too 
bright or too dark it mars the whole effect. It must be 
remembered, too, that the person performing the part of 
the spectre and the real actor above cannot see each 
other, consequently all their action has to be carried 
on by guess-work. The actor below has to walk along 
an inclined plane, keeping himself exactly at right angles 
to it. Again, the movements of the latter are obliged to 
be reversed ; for the cavalier already mentioned drew 
his sword with his left hand in order that the reflected 
figure should appear to use the right. 

When well arranged, the ghost trick leaves far behind 
all the efforts of a similar nature that were obtained by 
the ancients in the way of magical illusions. It is also 

s 
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incontestably true, contrary to what some people have 
supposed, that they were unable to perform this illusion 
in the way we have described, for they were ignorant of 
the method of manufacturing and polishing glass plates 
of 'sufficient size and clearness for the purpose. 

The production of Jiving but impalpable spectres is 
thus a completely modern achievement, as we have 
already proved, and which has taken its place amongst 
the applications of science to stage art, to the total ex- 
clusion of all effects depending for their production on 
the old-fashioned phantasmagoria and magic lantern. 



THE END. 
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A LEXANDER. — Outlines of Moral Science. 
^^ By Archibald Alexander, D.D., late Professor in tlic 
Theological Seminary at Princeton, N. J. One volume, i2mo, 
cloth $1 50 

This work is the last which proceeded from the lamented author's hand. 
Ethical philosophy engaged his mind for at least threescore years, and was 
his finvorite study. During nearly forty years he leftured on the subjed at 
Princeton, and these leftures were the basis of this succinct manual. The 
treatise is elementary in its character. It is intended to lay foundations and 
elucidate principles ; in other words, it is upon the Philosophy of Morals 
The great simplicity and clearness of the author's style will commend it 
as a suitable text-book for colleges, theological seminaries, and other institu- 
tions of learning, for which purpose indeed it has for many years been 
widely used. 

13 AUTAIN, PROF. — Art of Extempore Speaking 

■■^ (The). Hints for the Pulpit, the Senate, and the Bar. By M. 
Bautain, Vicar-General and Professor at the Sorbonne. Edited 
by a Member of the New York Bar. With Additions, Rules of 
Debate, etc One volume, i2mo, cloth . . . • |l5o 

Himself one of the most eloquent of Frenchmen, Pro£ Bautain in this 
manual lays down the rules and principles which must guide those who 
expedl to gain distinction as ready speakers and debaters. The treatise is 
divided into two parts. In the first part, the " exposition of the subject," 
the qualifications necessary for public speaking, "the mental aptitudes" 
for it, and " the physical qualities of the orator, natural and acquired," art 
discussed. In the second part, M. Bautain treats at length of " the divi- 
sion of the subject," " its conception," " the final preparation before speak- 
ing," both intelledlual, moral, and physical, and of the discourse itself^ with 
its exordium, peroration, etc., etc. The translator of the volume, a distin- 
guished member of the New York Bar, has admirably adapted it to the use 
of the American public by adding several chapters, giving some practical 
directions regarding the use of the voice in public speaking, and summarizing 
the more important rules of order and debate. The treatise is popular in 
style, and direct in its treatment of the important subject which it discusses. 
The American editor very justly remarks in the preface that his work "has 
no counterpart or rival in the English language, so prolific of treatises upon 
rhetoric and the separate portions of the arts of composition and deliv 
fy." 
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/^"^LARK (N. G.). — An Outline of the Elements of 
^^-^ THE English Language, for the Use of Students. By N. 
G. Clark, Professor of Rhetoric and English Literature in Union 
College. One volume, i2mo, cloth $i 25 

Originally prepared as a manual for the use of students in the college 
with which its author is connected, this volume, from its method, will attrafl 
the interest of the general reader. It is peailiar in aiming to bring out more 
^lly than has hitherto been done the language and the physical and intclle(5lual 
elements of English chara6ler. The influence of the Celtic and Roman, the 
Anglo-Saxon, Danish, and Norman elements respe6lively, are traced 
succindlly, and the modifications through which the language has passed are 
clearly sketched. The volume closes with a number of extra<5ls from the 
authors of the different periods, which serve as specimens to illustrate tlie 
changes of the language under the influences referred to. 

/^OLLIER. — A Bibliographical and Critical Ac- 

^^ count of the Rarest Books in the English Language (alpha- 
betically arranged) which during the last fifty years have come under 
the observation of J. Payne Collier, F.S.A. In four volumes, 
cloth $12 00 

These volumes are the result, or rather they are one of the results, of fifty 
years' untiring labor, by one of the most conscientious, industrious, and per- 
severing of English bibliographers. In the preface Mr. Collier states that 
during his whole life — and he was nearly eighty years of age when this work 
was produced — he has been a diligent reader of all works conne<5ted with 
early English literature, and that it has been his custom to lighten his severer 
labors by making extradls from and criticisms upon these productions 
whether they may have been in prose or verse. These volumes have l^en 
mainly derived from the immense mass of material accumulated in this way. 
The student of English literature can nowhere else find such a remarkable 
colledtion as this of the interesting, the curious, and the rare. 

#*# The remainder of the edition of this valuable work, having passed en- 
tirely under the control of Messrs. Charles Scribner & Co., is now offered at 
a price much lower than that originally fixed. 

CRITICAL NOTICES. 

" To the hlstonan of literature a pioneer like Mr. Collier is of the greatest use. Such an 
historian wt-u1d look through Mr. Collier's colledlion and see at once from hi? .tccount whal 
books would be useful for his purpose, and what would not." — London Satur-Jay Review. 

' I'he •iHW* •mpurwiu work iv«r repunusncd m this ooufitrv "~Kour>^ Cah** 



4 Charles Scnhncr & Co*s Text-Books^ ek, 

/"^OOKE. — Religion and Chemistry ; or. Proofs op 
^-^ God's Plan in the Atmosphere and its Elements. 
Delivered at the Brooklyn Institute, Brooklyn, N. Y., on the 
(iraham Foundation. By Josiah P. Cooke, Jr., Irving Professor 
of Chemistry and Mineralogy in Harvard University. One volume, 
crown 8vo, cloth $2 50 

The chief aim of these leflures Is to show that "there is abundant 
evidence of design in the properties of the chemical elements alone, aiid 
hence that the great arguments of natural theology rest upon a basis which 
no theories of organic development can shake." It will be seen, therefore, 
that they diredlly refute the Darwinian theory as to the origin of species, at 
least from one point of view. The arguments advanced are some of them 
novel, and all exceedingly forcible. In consequence of the large popular de- 
mand for the work, a new and revised edition, in cheaper form than that in 
which it originally appeared, has been issued. 

critical notices. 

** Viewed as a scientific book alone, on its special 8ubje<5t, we know of none that can come 
in competition with 'Religion and Chemistry,' while the polished and elegant style of the 
author, and his earnest conviction, everywhere apparent, that the truths he explains owe their 
chief value to the glimpses they afford us of the Divine economy of creauon, impart to it a 
peculiar and signal value." — New York Times. 

/^OOLEY. — A Text-Book of Natural Philosophy. 

^^ An accurate, modern, and systematic explanation of the Elemen- 
tary principles of the Science, adapted to use in High Schools and 
Academies. By Le Roy C. Cooley, A. M., Professor of Natural 
Science in the New York State Normal School. One volume, i2mo, 
with over 1 50 illustrations $1 50 

In dealing with the various problems coming within the range of the 
science which he expounds. Prof. Cooley uniformly proceeds from the 
cause to the effed, thus pursuing the only natural method, and that which is 
the simplest. In form the work is stri(^ly logical, and in matter it is concise, 
dear, and distind, while it is brought down to the latest developments of the 
science. 

CRITICAL NOTICES. 

" I think it will be found to be well adapted to the purpose for which it was written."— 
Prof SCHA NCK, Princeton College, New Jersey. 

" 1 am pleased with the work, and have recommended it to the notice of teachers of thai 
department in the Maine State Seminary, conneifled with the College." — Prof. R. C 
STANLRV. Batfs College, Lewiston, Me, 
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r^RAIK. — A Compendious History of English Lij- 

^^ ERATURE, and of the English Language from the Norman 
Conquest. With numerous Specimens. By George L. Craik., 
LL.D., Professor of History and English Literature in Queen's Col- 
lege, Belfast Two volumes, 8vo ; half calf, $12 00; cloth . %^ 50 

In extent and exhaustiveness of research, in breadth of scope as well 
as in minuteness and accuracy of detail, Professor Craik's great work stands 
without a rival among similar treatises. Prof Craik's method of treating 
this subjedl is peculiarly his own. Combining the history of English litera- 
ture with that of the English language, he takes the ground that " in the 
earliest state in which it is known to us the English is both a homogeneous 
and a synthetic language, — homogeneous in its vocabulary, synthetic in 
its grammatical strudlure. It has since, though of course always operated 
upon, like everything human, by the law of gradual change, undergone only 
two decided revolutions ; the first of which destroyed its synthetic, the 
second its homogeneous charadler. Thus, in its second form, it is still a 
homogeneous, but no longer a synthetic language ; in its third it is neither 
synthetic nor homogeneous, but has become both analytic in its grammar 
and composite in its vocabulary. The three forms may be conveniently 
designated : — the first, that of pure or simple English ; the second, that of 
broken or semi-English ; the third, that of mixed or compound or com- 
posite English. The first of the three stages through which the language 
has thus passed, may be considered to have come to an end in the eleventh 
century ; the second in the thirteenth century ; the third is that in which \\ 
still is." Prof. Craik's treatise is devoted to this " third form of the lan- 
guage," as he defines it, and which he regards as commencing with the 
poetry of Chaucer, in the middle of the fourteenth century. Following 
down English literature from the time of Chaucer, he gives us accounts not 
only of writers known to all scholars, and the names of the majority of whom 
still live, but he furnishes specimens of the produ6lions of a large number 
long since forgotten, but whose style illustrates most forcibly the transi- 
tions through which our language has passed. In fulness of information 
and in critical accuracy Prof Craik's work, as we have already said, sur« 
passes all that have preceded it in this fascinating field of investigation. 

CRITICAL NOTICES. 

'• PrcTcssor Craik's book, going as it does through the whole history of the language, pro- 
perly takes a place quite by itself. We have philological books treating of our earliest 
fiterature, but we do not know of any book which, like the present, embraces both. 'W\t 
pvat value of the book is its thorough comprehensiveness." — London Saturday RerieTo 

■* As a record or chronicle of English literature, Mr Craik's book Is by far thr best iUaI 
kat vet been published." — North American Rtvifw. 
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©OTupo^iiioTT curb QJlKcioric* 

AY. — Art of English Composition (The). By 

Prof. Henry N. Day. One volume, i2mo, cloth. Price, %\ 50 
• Art of Discourse (The). A System of Rhetoric 



adapted for use in Colleges and Academies, and also for private 
study. By Prof. Henry N. Day. One volume, i2mo, cloth. 

Price, $1 50 

The Art of Composition and the Art of Discourse are complementary 
treatises designed to cover the whole field of text book instrudion in 
composition and rhetoric. They are both chara(5lerized by beginning with 
the thought to be expressed as the vital element in all good speaking and 
writing, and by proceeding from that to the verbal expression. They are 
both unfolded in a method carefully conformed to the principles of thought, 
progressive and exhaustive. They, also, are both designed to train the 
pupil in the art of writing, and are furnished with copious exercises on 
each form of thought, each process of representation, and each mode of 
verbal expression. 

opinions of PRACTICAL INSTRUCTORS. 

** Day's * Art of Discourse * is now used as the Rhetorical Text- Book jn Yale College, and 
I think no better work, for the class, has yet been published.'*— C K^ i/^" NORTH ROI\ 
Professor of Rhetoric and English LiienUure in Vale College. New Haven^ August 
agth, x868. 

** Recognizing the importance of method in learning the art of composition, he begins at 
the simplest elements of grammar. Training, under such a system, cannot foil to produce 
method in thought, and to open to the student hitherto unprolific avenues to thought of 
which he ha4 had no conception. In this belief, we cannot but express the hope that 
these works of Professor Day may come into general use in our schools and colleges."— 
New Englander. 

*' Having for some time made use of ' Day's Art of Composition ' as a class-book, I can 
without hesitation affirm it to be the best book of the kind I have met with. The author has 
struck out a new path for himself, presenting the principles of the language on a system pe- 
culiarly iiis own. By rightly perceiving that composition is the complement to grammar, he 
simultaneously makes the learner acquainted with the fa(5ls and principles of the English Ian 
guage as it is, and, by carefully devised exercises, habituates him to the use of it as an insini 
ment for the expression of thought Grammar and composition taught in this manner be- 
come, instead of abhorred and mechanically executed tasks, an exercise pleasant to the pupil, 
and an important means of mental tnxc\vi%**^HENRY W. SlGLAR^Newburski^Ntm 
York) Institute. 

" * The Art of Composition,* and the * Art of Discourse,* by ProC Henry N. Day, are ex- 
cellent examples of text -books on the subje(5ls of which they treat The author's principles are 
thoroughly philosophical, and are stated with great precision and clearness, while at the 
same time he brings every topic to the test of praftical rules and examples. If his Ixxiks art 
not of the kind which may be called easy, they are yet such as command the confidence o* 
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the best class of teachers. They are books which afford good mental discipline, and art 
likely to insure sound scholarship, and to niake good writers and speakers."— yO/^A^ i. 
HARTy Principal State Normal School, Trenton, 

** I cannot have the slightest hesitation in pronouncing it the best work on English Gram- 
mar (in its own department) with which I am acquainted. The principal peculiarity of the 
work — the reducing language to its proper subordination to thought — is a feature that must 
commend itself to every intelligent mind.."— y. Q. FRENCH, Atkinson, New Hampskite, 

(SlcwcTrt^si of ^ogic* 

T^AY. — Elements of Logic. Comprising the Doc- 

•*-^ trine of Laws and Produ6ls of Thought and the Do6lrine of 
Method, together with Logical Praxis. Designed for classes and 
for private study. By Prof. Henry N. Day. One volume, i2mo. 
Price $1 50 

Professor Day's long experience as an instnidlor has enabled him to 
iiilly appreciate the necessities of the student and teacher, and this work 
with those upon the Arts of Composition and of Discourse, which supple- 
ment it, make a series of text books of unsurpassed pra6lical value. The 
Logic is designed for learners, and the aim has been to develop the science 
in strict method. From the determination of the single radical principle of 
thought, its laws and the forms of its produ6ls have been methodically 
evolved; and -the do6lrine of method with the exercises is but the end 
and result toward which the unfolding of the do6lrine of the elements of 
thought have steadily tended. The exercises are prepared specially for 
the help of the teacher. Recognizing fully all that Sir William Hamilton 
and others have done for the science. Professor Day does not confine himself 
strictly to any one method. Various new points are introduced which have 
already been approved and accepted by the numerous instru6lors who have 

adopted the work as a text book as valuable contributions to the advance- 
ment of the science. 

OPINIONS OF practical INSTRUCTORS. 

No person who studies this book can well fail to understand logic — Dr. HORA CE 
WEBSTER, o/the College o/the City 0/ New York. 

A work of decided merit and well worthy a place as a text book in our higher institutionf 
of learning. — E. y. RICE, President University 0/ Kansas. 

I am most &vorably impressed with its suitableness for a text book — J. IV. LIND- 
SA y. President 0/ Geneva College. 

An excellent treatise and is well adapted for a text book in the higher institutions 0/ 
>eaming. — C. NUTT, President Indiana State University. 

I have looked over Day's Logic and am very much pleased with the method and the 
fulness of the author's discussion of the subject The points which he specifies ic his 
introductory p^es give it peculiar excellence and fit it to be a text book in pure logic I 
shall take gre^t pleasure in commending it to students —Tlie lite Professor DUNN, qf 
Brown Unitu/ tity. 
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T^AY. — An Introduction to the Study of English 

^^ Literature. By Prof. H. N. Day, of New Haven. One 
volume, i2mo, uniform with Day's ^^ Logic^^^ ^^ Art of Discourse " 
and ^^ Art of Composition.^* Cloth $2.25 

The distinguishing chara6leristic of this text-book is that it direfts the 
study to the literature itself as a growth, not to authorship, not to history, 
not to criticism. It presents, in the first part, a selection of the master- 
pieces of our literature, most worthy of spedal study in themselves, while 
best representing the successive phases of the language and literature. 
These seIe6lions are accompanied by copious notes, philological, historical, 
and aesthetical, indicating and explaining the changes in the forms and 
meanings of words, the structure of the sentence, and the verse-forms in our 
language. It thus presents a study that can be prosecuted with as definite 
an aim and object in each successive lesson as the ordinary study of a Greek 
or Latin classic It guides the learner to what he is to learn, and the teacher 
to what he is to teach. Besides the concrete presentation of our literature 

in these representative selections, in the second part it presents, in a strict 
analytical method, a full detailed view of the elements of the language, and 
of the departments of the literature, with the leading authors in each depart- 
ment To this part the notes or the seledions refer throughout The rise 
of language, the origin and affinities of the English tongue, its elements 
and chara6leristics, the principles of its orthography, pronunciation, word- 
formation, versification, etc., are here systematically treated for thorough 
study or for incidental reference. 

Speller. 

T^AY. — The American Speller. By Prof. H. N. Dav, 

^^ Author of "Logic," ** Art of Discourse," "Art of Composi- 
tion," and " Introdudlion to English Literature." 

In preparing this work, the entire vocabulary of the language has been 
ranged word by word, and distributed into classes under the orthographic 
principles which have determined the spelling. The pupil thus, while 
learning comparatively few individual words, comes unconsciously to z 
pra6lical acquaintance with the classes of words, and so to the principles f^i 
the orthography. The work is of the medium size of spelling-books in use, 
and of the ordinary size of type. But by its compactness, its methodical 
arrangement in groups and classes, and its omission of foreign matter, it 
contains more words than ordinary spelling-books, besides a primer sufficrienfly 
ample to introduce adults to the more advanced reading; lessons, an'' also 21 
lar^je selection of choice sentences for dictation exercises. 
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T^AWSON. — The Fcederalist : A Colleaion of 

•*"^ Essays, written in favor of the New Constitution, as agreed 
to by the Federal Convention, September 17, 1787. Reprinted from 
the original text. Under the editorial supervision of Henry B. 
Dawson. University edition. One volume, 8vo, cloth . $3 00 

■ The Same ; with Bibliographical and 
Historical Introduflion, Notes and Portraits. By Henry B. 
Dawson. One volume, Svo, cloth $3 75 

One of the first and most striking results of the late war was the develop- 
ment of an eager desire among all intelligent persons to investigate the theory 
and principles of our Government ; and as an aid to the proper understand- 
ing of the great questions which these involved, there is no work in exist- 
ence to be compared with the Fcederalist " The text employed in this edi- 
tion," as Mr. Dawson states, " is that which the distinguished authors them- 
selves originally gave to the world, without addition or abridgment, or the 
least alteration, except where typographical errors were subsequently cor- 
reAed by the authors themselves." 

CRITICAL NOTICES. 

" Mr. Dawson has performed the task with evident zealous interest in the subje^ with a 
painstaking and minute thoroughness of research, which is as uncommon as it is commonda* 
We, and witli unmistakable explicitness in the statement of its results." — N. Y. Tribune. 

*' Mr. Dawson's edition is the best that has been published.** — A^. V. Independent. 

** Altoge^er, this stands as the best edition of the Fcederalist ever issued in all its particu- 
lars." -Boston Post. 

T\E VERE (PROF. M. SCHELE).— Studies in Eng- 
•*-^ lish; or, Glimpses into the Inner Life of our 
Language. By M. Schele De Vere, LL.D., Professor of 
Modern Languages in the University of Virginia. One volume, 
crown Svo, cloth $2 50 

Nearly fifty years ago Thomas Jefferson, the founder of the University of 
Virginia, inserted Anglo-Saxon among the subjects on which a course of 
leclures was to be delivered by the incumbent of the chair of modem 
languages. Prof Scheie De Vere, who has for many years filled the chair 
in question with marked ability, has gone beyond the wishes of Mr. Jeffer- 
j«*n so far as to embody in this volume the results of his extensive 
p lilological studies and researches. The volume is written in an exceed- 
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ingly attractive style ; it is entertaining in matter, full of curious information, 
and forms an admirable introdudion to the more profound works of MuUer 
or Marsh, while it is in itself an admirable compend. 

CRITICAL NOTICES. 

*' No one will read it, still less will any one study and take its lessons, without finding hii 
wn prehension greatly enlarged of the manifold origin, the vast variety, and the incompar- 
abie excellences of our English language. • It is withal an aid to the etymolc^ of a 
BiuUitude of words or classes of words, of which any scholar, however well-informed, will be 
gUf f^ avail himself in the study of his mother tongue."— AVw Vifrk Examiner. 

** *rhe work may be read to advantage by all who have any respe^i for sense or consdence 
in the use of words, and who believe that justness of thought is closely connected with pro- 
prie^ of expression."— iVirw VcrA Tribune. 



^KUolo0g* 



"P\ WIGHT. Modern Philology : Its Discoveries, 

-■^ History, and Influence. With Maps, Tabular Views, 
and an Index. By Benjamin W. Dwight, Author of "The Higher 
Christian Education." Two volumes, 8vo, cloth . . . $6 oo 
The topics discussed in these volumes, the author remarks, " spread over 
a wide area of the most deeply interesting and intimately related subjects." 
" Their very titles," he adds, " bear inspiration in them to a mind of scholar- 
ly tastes and habits : * An Historical Sketch of the Indo-European Lan- 
guages ;' * The History of Modern Philology ;' * Etymology as a Science ;' 
Comparative Phonology,' and * Comparative English Etymology in its 
Classical Aspe6ls.* In volume first the historical, ethnographic, and biblio- 
graphical elements of comparative philology are presented, although brief- 
ly, yet, it is believed, in adequate detail ; while in the second volume its 
more scientific and practical charafteristics are offered to the view. From 
them both as one whole, any student of moderate classical attainments, and 
of but ordinary force of will, can obtain, not only a competent introduftion 
to the treasures of the new philology, but also a sufficiently strong sense 
of having mastered its comprehensive array of materials and dedu6lions to 
be both able and, as the author would hope, eager to pursue his studies, 
cffedlively for himself in this most inviting field of research." The work is 
one of the most scholarly, profound, philosophical, and comprehensive in 
the whole range of our philological literature. 

CRITICAL NOTICES. 
** This Tolume is written in plain, intelligible, and unpretending language, and is the pro* 
diiiflion, evidently, vf a man of very considerable learning, unremitting diligence, and largi 
and discriminating powers of research. It is destined, if we mistake not, to enjoy the com- 
paratively rare merit of being at once the text-book of the student, and the hand-book of thi 
philosopher."— if (70>Aj///^ {Londiin). 
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T^ERBY. — The Iliad of Homer rendered into 
•*-^ English Blank Verse. By Edward, Earl of Derby. 
From the fifth London edition. Two volumes, 8vo, on tinted paper, 
half calf extra, $9 ; cloth $5 00 

The very cordial welcome extended to this translation of Homer both in Eng- 
land and this country is the most satisfactory proof that could be given to 
its extraordinary merits. And yet in the preface to the first edition the 
distinguished author wrote, " Various causes, irrespe6live of any demerits 
of the work itselfi forbid me to anticipate for this translation any extensive 
popularity." As the ground for this apprehension he alleged a fear that 
taste for and appreciation of clasaical literature are greatly on the decline, 
and that the English reader who might be unacquainted with Greek " would 
naturally prefer the harmonious versification and polished bri' lancy of 
Pope's translation " to his own attempt to produce such a rendering of the 
original as " would fairly and honestly give the sense and spirit of every 
passage and of every line ; omitting nothing, and expanding nothing ; anc 
adhering as closely as our language will allow even to every epithet whicl* 
is capable of being translated, and which has in the particular passage any- 
thing of a special and distin'^live charadler." In the preface to the fifth 
edition the noble author acknowledged that the favorable reception which 
had been given to the work afibrded a gratifying proof as to how far he had 
ovei rated the extent to which the taste for and appredation of classical lit- 
erature had declined, and he might have added that the same fadl also 
proved that the public preferred his own translation, which is as literal a« 
the exigencies of the English language will allow, to the paraphrase of 
Pope. It is certainly no exaggeration to allege that this translation o£ 
Homer -^vill always hold a place among English classics, and that no othc 
is likely to be produced which will surpass it in poetic merit joined witi. 
fidelity to the original. 

CRITICAL NOTICES. 

" Whatever may be the ultimate fate of this poem— whether it take sufficient hold of the 
^iblic mind to satisfy that demand for a translation of Homer which we have alluded to, 
jiiid thus become a permanent classic of the language, or whether it give place to the still 
more perfi^ produdlion of some yet unknown poet — it must equally be considered a splen- 
did performance ; and for the present we have no hesitation in saying that it is by far the 
best representation of Homer's Iliad in the English language." — London Times. 

*' The merits of Lord Derby's translation may be summed up in one word : it is eminent- 
ly attraflive ; it is instindl with life ; it may be read with fervent interest ; it is immeasurably 
fiearer than Pope to the text of the original. ... It will not only be read, but read 

over again and again Lord Derby has given to England a version far mori 

closely allied to the original, -A superior to any that has yet been attempted in the blank 
»erse of our languaRC." — Eiiirh '• Review. 
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T7ELTER'S First Lessons in Numbers (Illustrated), 

containing tables and tabular Exercises for pupils commencing 
cbe study of Numbers By S A. Felter. Prices, see Educat. Cii. 



Primary Arithmetic, designed for pri- 
mary classes, combining mental and written Arithmetic, with De- 
nominate Tables and U. S. Money. With and without answers. 

Intermediate Arithmetic. An Element- 
ary Written Arithmetic, including the Fundamental Rules, U. S. 
Money, and Denominate Numbers, with a short course on Frac- 
tions and Interest. With and without answers. 

Grammar School Arithmetic. This 

book is the highest of the Common School Series, and is intended 
to give the" pupil all the information and pra6lice he needs in any 
department of commercial life. With and without answers. 

University Arithmetic. Designed to 

investigate the science of Numbers, including the theory of Scales, 
Fa6lors, Circulating Decimals, etc., and examines the principles 
relating to Exchange, Banking, Life Insurance, etc. {In prepa- 
ration^ 

Intellectual Arithmetic. Designed 

for advanced classes, and combines mental with blackboard exer- 
cises, on a new plain. 

Teachers* Manual of Arithmetic. 

Prepared expressly for the use of teachers, and contains the best 
methods of oral, class, and individual instruction. 

note. 
For the cotwenieiue of Private Schools, and teachers requiring a cotnplett 
Arithmetic in one volume, t/ie " Intermediate^* and " Grammar School,^' with 
answers, are bound in one volume, and form FELTER'S PRACTICAL 

arithmetic. 

Although these books possess features which distinguish them from the 
many Arithmetics now before the public, they illustrate no untried theory, 
but are the result of a long practical experience in the class-room. Among 
the peculiarities and excellencies which so readily address the common- 
sense of educators, and which make these books such desirable aids in a 
school-room, arc the following : i. They follow the natural order of instruc* 
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tion, fa6ts, or the concrete, first; principles, or the abstra6l, afterwarJs 
2. They contain more than five times as many examples for pra6lice a& 
any rival series. 3. They are more perfe6lly graded and more truly 
progressive than any works now before the public 4. The several books 
form a series by following each othe/ in a natural gradation, each 
higher book continuing the investigation of the subje6t 5. They are 
truly analytic 6. They are not overburdened with rules, remarks, and 
suggestions^ and other superfluous matter, but require the pupils to depend 
upon common-sense, to use their own eyes and judgment. 7. The review 
of each work is such as to necessitate a thorough knowledge of each subject 
over which the class have passed, even though individual members may 
have been occasionally absent. 8. The " Manual " has been prepared ex- 
pressly to be used in connection. with this series, giving the teacher model 
exercises, in the best methods of oral, mental, written, and class instru6lion. 
^^ Copies for examination will l^e sent by mail, postage paid, on receipt 
of 30 cents each for the " Intermediate," " Grammar School," and " Prac- 
tical," and 13 cents each for the "First Lessons," " Primary," "Intellec- 
tual," and " Manual." 

OPINIONS OF PRACTICAL INSTRUCTORS. 
** In using my efforts for the introdudlion of Professor Felter's series of Arithmetics in the 
schools under my sui^rvision I have only performed the simple duty of providing them the 
best works I know of, and those best adapted to their wants and to the purpose had in view. 
These works have certain features most admirably calculated to awaken the interest and 
enlist the attention of our pupils ; and the study of arithmetic has taken a new start since 
iliey were introduced, and is pursued witli a zest unknown before. The teachers, I believe, 
are universally pleased with the books, and those who were at first unfavorable to the serifs 
have become most enthusiastic m their favor.'*— ^. E. NEWTON^ Superintendent of 
the Colored Schools of Washing^ton and Georgetown. 

40- 

" I am so fully convinced of the excellence of Felter's series of Arithmetics, that I have 
earnestly recommended their adoption as text-books into every school in Union county. 
From a careful examination, and pradlical tests in the class-room, I am persuaded that these 
bcw)ks possess the true ideas of teaching. Tliey are being rapidly introduced into all the 
schools in the country. I would most cordially recommend teachers who have not seen them 
to send for a set."— /*r^ A. F. CAMPBELL^ Superintendent of Public Schools^ Union 
County^ N. y. 

" I look upon the work as the most natural in its gradations of any series with which I am 
at present acquainted, and hope to see it generally adopted in all our schools." — yOHN 
COREt Esg.t Chief Clerk^ Departtnent of Public InstruCliony Baltimore^ Md. 

" The matter is well arranged, and embraces all that is usually required in that branch of 
learning. The rules are plain, concise, and easily understood. The examples are well 
selected, and iUustrate the principles in every case. I would, therefore, recommend them to 
all who wish to acquire a complete knowledge of the subjeft." — Prof, EDWARD McIL* 
DUFF, Principal of Catholic School of the Assumption^ Brooklyn, N. Y. 

*.% Catalogues containing full descriptions of Charles Scrihner dr* Co.^i 
nhool text-books and appliances, with numerous testimonials from th^st 
who have pratflically tested them, will be sent to any address on apfli- 
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T^ORSYTH. — Life of Marcus Tullius Cicero. By 
'*■ William Forsyth, M.A., Q.C, Author of " Hortensiiis,' 
*' Napoleon at St. Helena," " Sir Hudson Lowe," '* History of Trial 
by Jury," etc., etc., and late Fellow of Trinity College, Cambridge. 
Twenty engravings. Two volumes, crown 8vo, tinted paper, half 
calf, $9 ; cloth $5 oo 

The manner in which the times of Cicero and his works have been studied 
has had a tendency to lead us to forget the man in the scholar or the poli- 
tician. Mr. Forsyth in these volumes has endeavored, and with success so 
complete as to make the biography one of the most charming ever written, 
to show us the great Roman orator as he was in his own home. In carry- 
ing out this design Mr. Forsyth has not only given us the most complete 
and well-balanced account of the life of Cicero ever published ; he has drawn 
for us an accurate and graphic pi6lure of domestic life among the best classes 
of the Romans, one which the reader of general literature, as well as the 
student, may peruse with the keenest pleasure and with profit 

CRITICAL NOTICES. 
"A scholar without pedantry, and a Christian without cant, Mr. Forsyth seems to have 

seized with praiseworthy ta<5l the precise attitude whicii it behooves a biographer to take wlien 

narrating the life, the personal life, of Cicero. Mr. Forsyth produces what we venture to say 

will become one of the classics of English biographical literature, and will be welcomed 1 y 

readers of all ages and both sexes, of all professions and of no profession at all." — Londott 

Quarterly. 

'* His book is a valuable contribution to our standard liierature. It is a work which will 
aid our progress toward the truth— -it lifts a comer of the veil which has hung over the 
scenes and a6lors of times so full of ferment, and allows us to catch a glimpse of tlie stage 
upon which the great drama was played." — North A tnerican Review. 

" Mr. Forsyth has discreetly told his story, evenly and pleasantly supplied it with apt illus- 
trations from modern law, tTioquence, and history, and brought Cicero as near to the present 
time as the differences of age and manners warrant * * ♦ These volumes we heartilj 
recommend as both a useful and agreeable guide to the writings and charadler of one who ' 
was next in intelledlual and political rank to the foremost man of all the world, at a period 
when there were many to dispute with ^'im the triple crown of forensic, philosophic, and 
political composition." — Saturday Review. 

" Mr. Forsyth has rightly aimed to set before us a portrait of Cicero in the modem sty'e 
of biography, carefully gleaning from his extensive correspondence all those little traits of 
"haracJler and habit which marked his private and domestic life. These volumes form a ver> 
acceptable addition to the classic library. The style is that of a scholar and a man of taste." 
— Inffdflti AtkentBum. 

"The book is, in its minutest details, most emphatically a gentleman's book, and is surs 
to tind its way to the library-tables of all readers of taste and cultivation." — N. Y. Timet. 

"We have no doubt that this edition will become a standard cla.s.-uc." — N. V. Observer. 
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TIJ^ROUDE. — History of England from the Fall 
-*• of Wolsey to the Death of Elizabeth, By James An- 
thony Froude, M.A., Fellow of Exeter College, Oxford. Ten 
volumes, crown 8vo. Price per volume, half calf, $5 ; cloth . $3 00 

Mudie's Circulating Library, the most extensive of these favorite institu- 
tions in London, has subscribed for a larger number of volumes of Froude'? 
history than it did of Macaulay's. The fact shows how wide a popularity this 
work has already attained in England, and it is in every respedt fully 
deserved ; for to unwearied patience in research and extraordinary powers of 
generalization, Mr. Froude unites an eloquent and wonderfully clear 
and graphic style. In sele6ling for investigation the period covered by these 
volumes, Mr. Froude ventured into a field which had often been explored, 
but he did it with a full knowledge of the fa6l that there were stores of the 
richest material which had been virtually untouched by previous historians 
and which were sure to reward careful examination. The Spanish archives 
in the castle of Simancas, and the records of the Inquisition, were thrown 
open to Mr. Froude by the Madrid government He also had free access to 
the Imperial archives at Paris, and to the private papers of Lord Cecil at 
Hatfield, England. From all these sources he has derived a vast amount of 
material which throws a flood of light upon the personal charaders of Henry 
the Eighth, of Mary Queen of Scots, and of Queen Elizabeth, and which at 
the same time illustrates very clearly the relations which these and other 
leading charadters of the time held to the Reformation. Mr. Froude does 
not hesitate to express his own views because they run counter to generally 
received opinions, but he is always careful to sustain his assertions by refer- 
ence to his authorities. The first six volumes of the work extend from the 
&11 of Wolsey, and through the reigns of Henry the Eighth, Edward the 
Sixth, and Mary ; and the seventh volume opens a new era in the Refor- 
mation with the accession of Elizabeth. So much that is new to the student 
is developed in these volumes that Mr. Froude's history almost seems to be 
the record of a period — ^and that, too, one of the most important in English 
annals — which has never before been fully or faithfully described. 

CRITICAL NOTICES. 
" They are a worthy continuation of a history which will hold a high place in English 
literature. Mr. Froude belongs to the school of Carlyle, but he is not an imitator of that 
great writer. He equals him in industry and profound study, but he is calmer and more 
natural in his tone, more thoughtful in his remarks on events, more unaife<5led in his narra- 
tive, and more simple and lite-like in his portraits. In the main, he is a pictorial historian, 
and his skill in description and fulness of knowledge make his work abound in scenes and 
passages that are almost new to the general reader. We close his pages with unfeigned 
refret, and we bid him good speed in his noble mission of exploring the sources of EngViab 
history in one of its most remarkable periods.'*— ^W/« A Quarterly Review. 
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/^ U YOT. — Primary ; or, Introduction to the Study 
^^ OF Geography. By Prof. Arnold Guyot, of Princeton 
College. One quarto volume, with over One Hundred elegant 
Illustrations. For prices^ see Educational Catalogue, 

Elementary Geography. With Maps 

and Illustrations. One small 4to volume. 

The Intermediate Geography. In one 

quarto volume, elegantly Illustrated, containing Forty-five Maps, of 
which twelve are full-page Maps, engraved in the highest style of 
the art, Colored Politically and Physically, embracing Colored Dia- 
grams for the Constru6lion of the Maps of each Continent, and also 
Colored Diagrams with full Instru6lions for Drawing the Maps of 
the separate States of the United States. 

Common-School Geography. — In one 

royal quarto volume, with numerous Illustrations. Containing 
Twenty-three Maps, of which five are double-page Maps, engraved 
in the highest style of the art, colored politically and physically, em- 
bracing also Diagrams for the Constru6lion of Maps of each Con- 
tinent. 

The Same. Teachers* Edition, with 

Teacher's Guide. 

Grammar and High-School Geography. 

(/« preparation.) 

In this series of text-books, Prof. Arnold Guyot, since the death of Carl 
Ritter, confessedly the greatest of geographers, unfolds that method of in- 
strudling the science which pradlical experience, here as well as in Europe, 
has proved to be at once the most philosophical and the simplest Instead 
of burdening the memory with catalogues of names having very little 
significance to the young student, Prof. Guyot first attempts to give 
the pupil as corre6l conceptions as possible of the leading geographica' 
forms of land and water, with the terms by which they are distinguished, in 
order that he may, when employing these terms, attach a distindl idea to 
each. Next he endeavors to give him an idea of the manner of representing 
portions of the earth's surface by maps, thus preparing him to make the map 
itself a special obje<51 of study ; and all the time he aims to lead hkn on, by 
awakeninsr a desire for future study, and at the same time to develop the 
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powers of perception and imagination which will be constantly exercised in 
that study. The Elementary Geography is a class-book for study and reci- 
tation for Primary Scl\olars, containing simply that which should be firmly 
fixed on the memory, and omitting all merely illustrative description. Ii 
Begins with lessons about home, and gradually advances in the study of 
limited regions which have marked chara6leristics, until all the leading 
countries of the earth are noticed. The teacher is supplied with models and 
methods, the result of many years of experience in geographical instrudlion, 
greatly simplifying instru6lion, and making the booP by far the most teach- 
able of its kind published. 

In the Intermediate Geography the leading characteristics arc the study 
of the form of the earth and the location of the continents upon its surface ; 
the form of the continents and the location of their mountain ranges, rivers, 
lakes, and countries ; the form of countries and the location of their Physical 
features, cities, and towns. Constru6live map-drawing and a series of ex- 
haustive questions upon each map serve to fix the fa6ls distin6lly in the 
minds of the pupils, and in this text-book special attention is paid to 
the study of the United States as a whole, and to the study of the separate 
States. Single and double page maps, colored politically and physicaHy, 
assist the scholar at each step. 

The Common School Geography embraces a minute and detailed study 
of each map ; a full description of the general physical chara6ler cf each 
continent, its vegetable and animal life, the races of men which inhabit it, 
and the States into which it is divided. The physical chara6ler of each 
country is made the basis of the study of the country ; and all faCls regard- 
ing its political geography are so intimately linked with its physical char- 
acter that it is impossible to forget them. In the arrangement of the subje(5l- 
matter, the necessity for mechanical memorizing is entirely obviated, as each 
separate class of fa6ts is studied in connexion with its immediate causes and 
results. Consequently the pupil is never required to commit to memory a 
catalogue of fa(5ls having no connection, and therefoi e without significance. 
Physical Geography, heretofore so treated as to be accessible only to the 
mature mind, is here presented as a simple description of the physical char- 
acter of individual continents. It is thus entirely divested of its difficulties 
and obscurities, and is made perfectly intelligible and attractive even to the 
youngest pupiL In each and all of these text-books the best artistic skill 
has been engaged in the production of both maps and engravings. The 
maps are presented in a style never before attempted in this country in 
Bchool-books of this class, and the illustrations have a direCt connection 
with the text, explaining it most pertinently and happily. The care with 
whidi these text -books were prepared has marked a new era in our educa- 
tional literature of this grade, and has done much to elevate and improve it. 

Wherever they have been put to a practical test, the result has been s 
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cordial and emphatic approval of the principle upon which they are based, as 
the only one upon which geography can be taught successfully. 

OPINIONS OF PRACTICAL INSTRUCTORS, AND UF SCIENTIFIC MEN 

** Incom)>arably superior to anything published." — Fro/. AGASSIZ. 
**One of the ablest physical geographers in the world." — Prof. J. D. DANA. 
*' Greatly superior to any works of the kind published."— /V^y: JOSEFH HENRY. 
** Thorough, systematic, and exhaustive." — Fro/. GEO. M. GA GE. 
*' They mark the dawn of a new crA."—Fro/ W. y. ROLFE. 
*' We take Guyot as our guide, and use his book."— /*j'<i/^ SANBORN TENNEY, 
" Philosophical and acci»ate ; simple and attradlive."— ^e^. B. G. NORTH EOF. 
" It is the only system worthy of the name."— i^n?/! iV. H. FAINE. 
** I believe in them."— //<^«. ANSON SMYTH, 

"Unquestionably the best text-books. "—/Ve/^ THOMAS IV. HARl^EY. 
" No b<x)k of the kind worthy of being compared to W^—Fro/ E. A. SHELDON, 
" It stands the pradlical test of the school-room admirably.—/**^. H. B. SFRA QUE 
"ITie books have been tried with the best results "—/'re/". R. EDWARDS. 
" Should be unwilling to exchange it for any other work extant. — Prof. S. H. PEARL. 
"Abundantly satisfadlory.— /'r^. EDWARD CON A NT. 
" The best Geography with which 1 am acquainted."- /'r<2/^ J. S. CILLE Y, 
" I congratulate the 100,000 children of Vermont upon the adoption of these books in our 
tchools " — Hon. y. S. A DA MS^ Sec. Board 0/ Education^ l^emtoni, 

<j% Teachers desiring to examine Prof. Guyot's text-books can procure 
them of the Publishers at the following prices : the Primary, 75 c ; the 
Common School Geography, $1.50; the Intermediate Geography, $i.oq* 
or the three books will be sent together to teachers for $3.00. 

r^UYOT. — Physical and Political, and Classical 

^-^ Wall Maps. By Prof. Arnold Guyot, of Princeton Col- 
lege. 

Geographical Teaching : Being a com- 
plete Guide to the Use of Guyot's Wall Maps for Schools, contain- 
ing six maps and diagrams, with full instru6lions for drawing the 
maps of the Continents, in accordance with Guyot's System of Con- 
stru6live Map Drawing. One volume, i2mo. , . . 750 

These maps are a valuable accompaniment to the study of Prof. Guyot's 
system of Geography, and they are issued in a style superior to any other 
maps produced in this country. There are four Series in all ; the Classical, 
including maps of the Roman Empire, Ancient Greece, and Italia, the 
last named embracing a plan of Ancient Rome (6x8 feet in size ; $15 each, 
or $45 per set) ; the Large Series, in which there are nine maps (from 
4x5 to 10 X 6 feet ; $71 per set) ; the Intermediate Series, which include? 
eight maps (4x5 and 5x6 feet ; $38.50 per set) ; and the Primary Series, in 
which there are ten maps (2 x 3 to 4 x 5 fee*^ ; $18 per set). The Classical 
and l^rge Series are specially adapted for use in high-schools and colleges, 



Charles Scribncr & Co!s Text-Books, etc, ig 

and are the only ones issued in this country which deserve to be recommended 
for that purpose. The Intermediate and Primary Series are fully equal to the 
J^rge Series in all respedls, save as regards size. The different sets, in fadti 
combine all the essential qualities of the very best school-maps. They have 
the following chara6leristics in common : i. They are corredl. To a great 
extent they have been worked out anew from original documents, and are 
therefore fresh and original. 2. They are distinguished by clearness 
and simplicity. 3. Due importance is given to the physical features, 
which so vitally affe6l the climate, river systems, produflions and eco- 
nomic value, animals, and even the chara6ler of the inhabitants, their 
civil and political conditions. Unusual care has been taken to exhibit the 
forms of relief, the elevations and depressions of the surface. The differ- 
ences in altitude of lowlands and plateaus are expressed by different tints, 
while the elevation and importance of the various mountain chains are indi- 
cated by the boldness of the topographical drawings — their depth of shading ; 
thus exhibiting their relative gradations and true proportions. 4. The political 
boundaries, the principal cities, rivers, etc., are distinctly designated, so that 
the maps are both physical and political. 5. Harmony has been preserved 
— that is, the true relative proportions of parts as found in nature. 

The Classical Maps have been prepared by ProC Arnold Guyot and 
Pro£ H. C. Cameron, with a desire of responding to the wants of an advanced 
scholarship, by placing within its reach the results of the most recent inves- 
tigations and discoveries in Ancient Geography. Classical scholars in this 
country have been dependent heretofore on Europe for the Geographical 
apparatus necessary for the higher kind of instru(5lion which is now beginning 
to prevail in our classical schools and colleges. The admirable Maps of 
Kiepert were not only expensive, but difficult to obtain ; and therefore it 
seemed that a series of Classical Maps, embracing all the excellences of those 
of Kiepert, with such additions as the present advanced state of knowledge 
in this department demanded, would confer a lasting benefit upon the cause 
of thorough education and sound classical scholarship in our country. Sci- 
entific Expeditions, Topoj^raphical Surveys, and the researches of modern 
travellers, many of whom were accurate classical scholars, have greatly 
increased our knowledge of Ancient Geography, and given definiteness and 
certainty to much that was previously vague and conjedlural, and these maps 
embody the results of all the most recent discoveries. 

^% Any maps in the different series, excepting the Primary, may be pur- 
chased separately. 

#*# Messrs. Charles Scribner & Co. also furnish paper map-drawing 
cards, which are essential helps to the proper study of Prof Guyot's systenL 
Nine in a set, are sold for 50 cents. 

#% Full descriptive catalogues of Guy of s text-books and maps, and all our 
other educational appliances, with pamphlets containing testimonials from thost 
who have pra/liially tested them, will be sent to any address. 



n 



20 Charles Scribner & Go's Text-Books, etc. 



QJHoral Science. 

TITOPKINS. — The Law of Love and Love as a 

-■' -■■ Law. a Treatise on Moral Science. By Mark Hopkins, 
D.D., LL.D., President of Williams College. One volume, i2mo. 

%\ 50 

This work is both theoretical and pra6Hcal, and is specially designwl 
for a text-book. In the theoretical part morality is made rational, both as 
based on ends and as involving intuitions. Obligation, in distinction from 
right, is made the moral idea ; the foundation of obligation is fully discussed, 
and a reconciliation of different systems is attempted. In the practical part 
ihe Law of Love is applied in connection with the Law of Limitation, and 
fvith a classification of duties — new as respe6ts its basis. 

CRITICAL NOTICES. 

*' In this work. Dr. Hopkins has given the world a clear ejqMsition of the principles of 
moral science, and pradlical niles for their application. 

" The simplicity, strength, and exa(5tness of its style and language ; its discrimbating 
analysis and forcible logic ; its accurate adjustments of relative truths ; its admirable blend- 
ing of the independence of human reason with dependence upon the Divine mind — ^in all 
these respe<5ls we have no hesitation in saying that its combined excellencies place the work 
at the head of all similar treatises. It is the most satisfatflory of all works on moral science, 
and presents a system as far removed from adverse criticism as possible. It is rare dut 
thought so profound is expressed in language so concise, pure, and clear." — jfournal, 
Albany, N. V. 

** This work is a careful, methodic, and, we believe, exhaustive essay on the subjedt of 
moral science, both theoretical and pradtical, divided and arranged in a great number of 
classifications, which have their logical order of sequence, and are all maintained and set 
forth with a precision that makes peremptory claim on the attention of the philosophic 
student." — A^. Y. Times. 

*' He discourses on the lofty themes of which he treats with the tranquil dignity of a 
Pythagorean sage. No obscurity of thought, as in the case of Coleridge, betrays him into 
vague and desultory statements, dazzling the fancy of his readers with the glitter of strange 
imagery, instead of informing his mind with the coherent exposition of truth. Nor is he 
enticed from his firm intelledlual purpose by the vast array of ponderous erudition, with 
which Sir William Hamilton so often overlays his argument and discourages his readers. 
President Hopkins is almost master of his theme. He meets its difficulties manfully. He 
never shrinks before an obje<5lion, nor dodges the point of a question behind a doud of 
irrelevant generalities. Even in the few instances in which he does not command our 
iRsent to his positions, he gains our respe<£t by the fairness and vigor of his reasoning, and 
leads us to believe that could we change the point of view, there would be no difference in 
our convi<5lions. His work will be received by the intelligent student of moral science with 
friendly welcomes, not only as the most recent produ<5lion of the American mind in that 
department of thought, but as, in many respedls, the most complete and masterly."—^. 
}''. Tribune. 

" The impression produced by our cursory examination of the work is in the hijjlic V 
degree favorable to its perspicuity, truth, and force." — Boston Congregationalist. 

" A complete treatise on the theory and pradlice of morals." — Am. py cshyterian. 
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l^IRKLAND. — Garland OF Poetry for the Young 

'■'^ A Seleflion of Poetry, in Four Parts, adapted to differer.l a^es. 
By Mrs. C. M. Kirkland. A new edition ; two volumes in one, 
i2mo, cloth. $2.25 

This collection of poetry is arranged upon a plan entirely novel and ori- 
ginal with Mrs. Kirkland. The sele6lions comprised in the four different 
divisions are made with reference to the wants and tastes of the young, 
from childhood until they reach the comparatively mature age of eighteen 
or twenty years. This adaptation is very skilfully made throughout. Pref- 
erence has been given to lively and striking pieces in the seledlions ; and 
pi<5luresque, descriptive, narrative, and domestic pieces more particularly 
abound, since they generally find their way readily to young hearts. 

l^IRKLAND. — Patriotic Eloquence: Being Selec- 

"^ tions from one hundred years of National Literature. Com- 
piled for the use of Schools in reading and speaking. By Mrs. C. 
M. Kirkland. One volume, i2mo, cloth, . . . $1 50 
Mrs. Kirkland's compilation was originally only brought down to the out- 
break of the Rebellion. In this edition additional value has been given to 
the collection by adding to it some specimens of the oratory and poetry which 
were called forth by the Rebellion and its vicissitudes. The volume, it should 
be stated, embraces poetry as well as prose, and is one of the best " Speakers " 
for schools ever compiled. 

JSiii^iov:^ of "HR^omc. 

T ORD. — The Old Roman World. The Grandeur 

"*-^ and Failure of its Civilization. By John Lord, LL.D. One 
volume, crown 8vo, cloth, $3 00 

In this work, Dr. Lord writes, in his peculiarly graphic and 
nervous style, " of the greatness and misery of the old Roman world." 
He first describes " The, Conquest of the Romans ; " sketches the " Gran* 
deur and Glory of the Empire," " The Wonders of the City of Rome ; " 
discusses " The Principles and Progress of Ancient Art ; " " The Roman 
Constitution ; " Roman Jurisprudence, Literature, Philosophy, and Scien- 
tific Knowledge. The closing chapters describe " The Internal Condition 
of the Empire, and its Fall ; " giving some reasons why Literature, Art, 
Science, Laws, and other triumphs of civilization did not arrest ruin, and 
also why Christianity did not save the Empire. The volume will be found 
entertaining, instru6live, and profitable in the hi.s:hest dep:ree, while it will 
be specially useful as a text-book for higher schools and colleges. 
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A/f AINE. — Ancjent Law: Its Connexion with the 

'*•'*' Early History of Society, and its Relation to Modern Ide:i.s. 
By Henry Sumner Maine, Member of the Supreme Council of 
India, and Regius Professor of the Civil Law in the University ot 
Cambridge. With an lntrodu6lion by Theodore W. Dwight, LL.D., 
Professor of Municipal Law, Columbia College, New York. One 
volume, crown 8vo, cloth, $3 oo 

The chief objedl of this volume, as defined by its author, is " to indicate 
some of the earliest ideas of mankind as they are refledled in Ancient Law, 
and to point out the relation of those ideas to modern thought." In the 
Introduction to the American edition the distinguished jurist, Professor 
Dwight, states that the treatise is "almost the only one in the English 
language in which general jurisprudence is regarded from the historical 
point of view." The work may be said to consist of two parts ; the first, 
embracing four chapters, contains the philosophy of legal history, and the 
second is devoted to an account of the origin and progress of leading rules 
in legal science. The value of Mr. Maine's treatise will be recognized at 
once by every intelligent person, for its subje6l-matter possesses interest 
for others than professional men. To facilitate the use of the work in law 
schools and colleges. Prof. Dwight has prefaced the volume with a very 
clear abstrafl of its contents, which will be found serviceable by those 
who may study the treatise. 

CRITICAL NOTICES. 

" A text-book for all English student* of jurisprudence. It presents elementary ideas in a 
distindl shape ; it shows how endless are the ramifications of the history of junsprudencc 
which can be followed by learned ingenuity ; it handles law in a large and free spirit ; it clears up 
points as to which an obscurity prevails in the minds of many writers and readers, and it is 
written with singular clearness.'' — Saturday Review. 

" Professor Maine is probably .he first Englishman who, with any authority, has applied the 
* historical method ' to legal subjedls, so successfully employed abroad ; and his prominent 
example will have a tendency to establish a connection between the study of the philosophy 
of law and those branches of philosophical history whose foundation lies in philology and her 
sister sciences," — London Review. 

" It is the work of an accurate and original mind, embodying the results of much thought 
and study, and expressed in singularly terse, clear, intelligible English." — London Quar- 
terly. 

" It is history read from the point of Law, and Law studied by the light of history. Tt ii 
consequently a book that addresses itself as much to the general student as to the la\i7er.''— 
ff'estfninster Review. 

"Mr. MaTne's profound work on Ancient I^w in ifs relation to modem ideas.' —7«k« 
Ftuart Mill 
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TV/f ARSH (G. P.). — Lectures on the English Lan- 

^^ ^ GUAGE. By George P. Marsh. First Series, fourth edition, 
revised and enlarged. One volume, crown 8vo, half calf, large paper, 
$6 ; half calf, $5 ; cloth, $3 00 

These le6lures were delivered by their distinguished author in 1858-9, 2a 
part of the Post Graduate course estalDlished a short time previously in pui - 
8uance of a plan to enlarge the means of education afforded by Columbia 
College. They were then, and in their present form are now addressed, as 
Mr. Marsh states in the preface, " to the many, and not to the few ; to those 
who have received such an amount of elementary discipline as to qualify them 
to become their own best teachers in the attainmient of general culture, not 
to the professed grammarian or linguistic inquirer." While popular in form, 
the lectures display a generous and careful culture, a wide range of study and 
accurate scholarship not often put under contribution for the benefit of the 
multitude. 

CRITICAL NOTICES. 

" We have read this work with much satisfa<5tion. We give it a hearty welcome as calcu- 
lated to excite an interest in the study of English, and to render valuable assistance in its pur- 
suit. It is distinguished by a higher order of scholarship, a more thorough investigation of 
original sources of knowledge, a sounder judgment, a more correct taste, and a purer style 
than we generally find in transatlantic productions." — London Atfutueutn. 

•' The style is graceful and attradtive — the opinions are sound and ably vindicated — the 
purest taste, as to words, idioms, and authors, pervades the entire work. So much 
learning and wisdom, weighty thought and just criticism, have seldom been condensed into 
an equal space, and still more rarely presented in a form so well adapted to all classes of 
irtelligent readers." — North American Review. 

" Mr. Marsh has clearly travelled a good deal, read a good deal, and thought a good deal. 
He speaks with that hearty earnestness which is so chara<5leristic of the better class of hist 
nation. He not only understands, but loves his subje<5t*' — London Saturday Revieiv. 

" They are remarkable for learning, diligence, discrimination, and good sense. We heart- 
ily commend this book to teachers, learners, and all who take an interest in the philology of 
their native language." — London Critic. 

*' We believe we are not going too far when we say that Mr. Marsh's book is the best 
treatise of the kind in the language." — Atlantic Motithly. 

TVyT ARSH (G. P.). — The Origin and History of the 
^ ^ English Language, and of the Early Literature it 
Embodies. By George P. Marsh, author of *' Le6lures on the 
English Language." One volume, crown 8vo, large paper, $6 ; 

half calf, $5 ; cloth, $3 00 

In this volume is comprised a course of ledlures delivered by Mr. Marsh 
at the Lowell Institute, Boston, in the autumn and winter of 1860-1861. The 
topics discussed differ essentially from those treated upon in the " I^cililures 
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on the English Language," and they display profounder and more technical 
philolugical knowledge. For this very reason, however, they worthily sac- 
ceed the lectures just alluded to. These two courses of le<5lures have done 
good service abroad by securing recognition for American scholarship, while 
•hey have placed their author among the foremost of living philologists. 

CRITICAL NOTICES. 

" We continually observe indications of the same faithful and earnest study, the same pro- 
found and accurate knowledge of our early writers, the same good sense and independence 
of thought, and the same general ability of treatment which charadlerized Mr. Man>li*s 
former volume."— Z.«7W<;« Atkencntm. 

" We know not which to commend most warmly, the zeal of the scholar, the discrimina- 
tion of the philosopher, or the humanity of the man who traces with such curious yet com- 
prehensive knowledge and insight the elements, origin, growth, and charadler of our noble 
\QXi%M^y— Boston Transcript. 

" Mr. Marsh's two works, and especially his last one, should be made the study of every 
intelligent person. Indeed, no English education can be complete without the mastery of 
such analyses as these."— ^>w I'ork Observer. 

1V>T ARSH (G. P.). — Man and Nature ; or, Physical Geo- 
"^ '*' graphy as Modified by Human A6lion. By George P. Marsh. 
One volume, crown 8vo, large paper, $6; half calf, $5 ; cloth, $3 00 

The author succinflly states the obje6l of this volume as follows in the 
preface : " To indicate the charadler and approximately the extent of the 
changes produced by human aftion in the ph3rsical conditions of the glol^e 
we inhabit ; to point out the dangers of imprudence and the necessity of 
caution in all operations which, on a large scale, interfere with the spon- 
taneous arrangements of the organic or the inorganic world ; to suggest the 
possibility and the importance of the restoration of disturbed harmonies, and 
the material improvement of waste and exhausted regions ; and incidentally, 
to illustrate the do<5lrine that man is, in both kind and degree, a power of 
a higher order than any of the other forms of animated life, which, like him, 
are nourished at the table of bounteous nature." The author addresses 
himself " not to professed physicists, but to the general intelligence of edu- 
cated, observing, and thinking men," and his purpose " is rather to make 
practical suggestions than to indulge in theoretical speculations properly 
suited to a different class from that to which those for whdm he writes 

belong." 

* CRITICAL NOTICES. 

" Wc do not hesitate to affirm that this book should be placed on every farmer's shelf, be 
owned by every Fanner's Club and every village library, and be studied by every legislaioi 
in the land. F'or general reading and instruction, it may also be most highly commended." 
*^N. V. Independent. 

" This book is as full of wisdom as of learning. It is wide and solid learning biought to 
bear upon pradlical and common life, so as to suggest the best results "— Vermont Ckr^nu^. 
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TVyf ITCHEL (O. M.). — Popular Astronomy: A Con- 

^^ ^ cise Elementary Treatise on the Sun, Planets, Satellites, 
and Comets. By O. M. Mitchel, LL.D. One volume, i2mo, 

cloth $1 75 

Like all the works of Prof. Mitchel, this is so popular in style as to be 
easily understood by the student, to whose use it is especially adapted, 
while it never falls into diffuseness. In the preface, the author says : " I 
have endeavored to follow the path of real discovery, and in every instance 
to present the fadls and phenomena so as to afford the reader and student 
an opportunity to exercise his own genius in their discussion and resolution, 
before offering the explanation reached by ancient or modern science." An 
Appendix, especially prepared for the use of teachers, increases the value and 
utility of the work as a text-book. 

IV/f ITCHEL (O. M.) — Planetary and Stellar 

^^ ^ Worlds (The). A Popular Exposition of the Great Discov- 
Ciies and Theories of Modern Astronomy, in a Series of Ten Lec- 
tures. By O. M. Mitchel, formerly Dire6lor of the Cincinnati and 
Dudley Observatories ; late Maj(5r- General of Volunteers. One 

volume, i2mo, cloth, $1 75 

A single obje<5l was before the mind of the lamented Prof Mitchel in the 
preparation of these lectures, and that was — the stru<5lure of the universe 
so far as revealed by man. It is safe to assert that Prof. Mitchel was 
without an equal in his ability to attra6l and hold the attention of a popular 
audience by his clear expositions of the fadls of astronomy ; and these lec- 
tures are now the most lucid and eloquent popular statement extant of the 
principles of this noble science, the study of which is so fascinating. 

CRITICAL NOTICES. 
" The work gives a most admirable popular exposition of the great discoveries and theo- 
ries of modem astronomy, and cannot fail to be universally read with the greatest profit and 
delight. We commend it to attention and favor." — Courier and Enquirer, 

TV/T ITCHEL (O. M.). — Astronomy of the Bible 
^^ (The). By O. M. Mitchel, LL.D. With a Biographical 

Sketch. One volume, i2mo, cloth, $1 75 

Pecoliar interest attaches to this volume, because it was the last finished 
astronomical treatise of its distinguished author. With his two previous vol- 
iimes it constitutes a series which, if not exhaustive of the accepted divi- 
sions of the science, presents, in outline, its great physical features, and ita 
ethical relations. 
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^ctCTTce of ^cnrT0ucr0e^ 

IWrULLER (Max, M. A.). — Lectures on the Sc:- 

•^ '■■ ENCE OF Language. Delivered at the Royal Institution 
of Great Britain, in April, May, and June, 1861. By Max Muller, 
• M.A., Fellow of All Souls College, Oxford ; Corresponding Member 
of the Imperial Institute of France. First Series. One volume, 
half calf, $4.50 ; cloth, crown 8vo, ^2 50 

Lectures on the Science of Lan- 
guage. Delivered at the Royal Institution of Great Britain, in 
February, March, April, and May, 1863. By Max Muller, M.A. 
Second Series. With thirty-one Illustrations. One volume, crown 

8vo, half calf, $5.50 ; cloth, $3 50 

Prof Muller undoubtedly stands at the head of foreign philologists, and 
in these two series of lectures we have the fruits of his varied research 
brought together in a most attractive and popular form. In the lefture in- 
troductory to the second series, the Professor says : " There is a science of 
language as there is a science of the earth, its flowers, and its stars ; and 
though, as a young science, it is very far as yet from that perfedlion which — 
thanks to the efforts of the intelleChial giants of so many ages and many 
countries — has been reached in astronomy, botany, and even in geology, it 
is, perhaps for that very reason, all the more fascinating." No one in Eng- 
land, it is safe to say, has done more than Prof Muller to popularize philol- 
ogy; and in this country as well as that, these leClures have given a great im- 
pulse to the study of the science. 

CRITICAL NOTICES. 

'* Easily comprehensible, and yet always pointing out the sources of fuller investigation, it 
is ample, both to satisfy the desire of those who wish to get the latest results of philosopliy, 
and to stimulate the curiosity of whoever wishes to go further and deeper. It is by isx the 
best and clearest summing up of the present condition of the science of language that we 
have ever seen, while the liveliness of the style and the variety and freshness of illustration 
make it exceedingly interesting." - Atlantic Mofithly. 

" The richness of Pro£ Muller's resources, and the immense range of collateral inforraatioo 
that he produces to give interest to an abstradt 8ubje<5l, from a stock of learning that seems 
absolutely without boundary or limitation, must be sought in the book itself The entire work 
is one that no living scholar but the writer of it could produce, and its wide circulation is cer- 
tain in this country." — New York Times. 

" We must not conclude without expressing our admiration of the book as a whole, the her- 
culean massiveness of its learning — comprehending not merely a profound knowledge of many 
languages, and a wonderful command of our own, but a familiarity with various branches oi 
science — ^the bold originality and general soundness of its philosophy, and the transpamirT. 
animation, and occasional eloquence of its style, by which a subject so abstruse has beers 
•endered not merely intelligible, but attra<5Uve to a popular audience and the general reader.** 
""Loudon AtlutufUMt. 
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CTYLES AND PRICES: 5 inches in diameter, 

^^ plain stand, $5 ; 5 inches in diameter, semi-meridian, $8 ; 7 
nches in diameter, plain stand, $12 ; 7 inches in diameter, semi-meri- 
dian, $15 ; 7 inches in diameter, full meridian, $20 ; 12 inches in 
diameter, plain stand, $20.00; 12 inches in diameter, semi-meridian, 
J&25.00; 12 inches in diameter, fall meridian, . . . $35 00 
This globe is at once one of the most amusing, ingenious, and useful instru- 
ments which can be put within the reach of the child, or added to the furni- 
ture of the school-room. The globe itself is of iron, and the obje6ls which 
accompany it, representing men of different races, as well as ships, steam- 
ers, lighthouses, and various animals, are highly magnetized, so that when 
placed upon the globe they adhere to it. The puzzling problems which this 
ingenious arrangement may clearly illustrate to the mind of the child are 
innumerable, and only need to be alluded to. 

T ESSONS ON THE GLOBE: Illustrated by Perce s 

-■— ' Magnetic Globe and Magnetic Objedls. By Mary Howk 
Smith, Teacher of Geography in the Oswego Normal and Train- 
ing School. One volume, i2mo, 50 cts. 

This little pamphlet contains very many pra6lical hints invaluable to 
those who may use Perce's Magnetic Globes, either for purposes of amuse- 
ment or instru6lion. 

OPINIONS OF PRACTICAL INSTRUCTORS. 
" I am greatly pleased with * Perce's Magnetic Globe.' I cannot understand why it should 
not rapidly supersede all other Globes. It presents to the eye of a child at once a pradtical 
solution of one of the most difficult problems which he encounters. Every one remembers 
how nearly impossible it was to realize that the world is round, and people on the other side 
of it standing with their feet toward ours 1 Even the ubiquitous fly on the ceiling, which 
was the great illustration, hardly helped us any in our difficulty. But with the Perce Globe we 
have the veritable solid men and animals standing foot to foot on opposite sides of the earth I 
That is what we wanted to see when we were a boy, but it was not given unto us in that gen- 
eration. But our children see it and rejoice thereat, thanks to Perce's Magnetic Globe I It 
should he in every school-house, and, for that matter, it would be a most tasteful and instruct- 
ive article in every family. I hope you may be abundantly successflil in the introduction of 
the Globe to the schools and families of the SXSiXe.*'— EMERSON W. KEVES, Deputy 
Superintendent of Public InstntTlion o/tke State of New York. 

" In an educational point of view, I regard it as one of the most important inventions of the 
age. I sincerely hope, for the cause of sound common-school education in this State, that it 
may be rapidly introduced into all our schools." — SA MUEL P. BA TES, Deputy Super- 
intendent of Common Schools of Pennsylvania. 

^^^ Catalogues containing full descriptions of Perce's Magnetic Globes ana 
tf.V oii^ other edtuational appliances^ sent to any address. 
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pERRY. — Elements of Political Economy. By 
•*■ Arthur Latham Perry, Professor of History and Political 
Kconomy in Williams College. Third Edition, Revised. One 
volume, crown 8vo, cloth, $2 50 

In this manual Pro£ Perry treats with great clearness and precision of all 
the important problems embraced in the science of Political Economy. The 
comprehensiveness with which he sums up the views and statements of other 
writers shows how thoroughly he has examined all the leading works upon 
this subje<5t ; and the concise but unobtrusive manner in which he records his 
dissent from theories which he regards as erroneous proves him to be an in- 
dependent thinker and a clear-headed investigator. The work is sufficiently 
popular to be valuable to all who may wish to gain a general idea of the 
principles of political economy : it is, however, more especially designed for 
a text-book, and has already been adopted as such in several of our lead- 
ing universities and colleges. 

CRITICAL NOTICES. 

" You have made an exceedingly valuable contribution to the science of political economy. 
I am not a little surprised that a college professor should have written a book so intelligible 
to the common mind, and so eminently pradlical and instrudlive. Accept my thanks for your 
kindness in sending me the book, and my grateful acknowledgments as your fellow-citizen for 
tlie service you have rendered the country. It is, in my judgment, the ablest and most valu- 
able work yet published upon the science of which it treats. I do not see where it could be 
improved in matter, or style, or arrangement.*' — Hon. H. McCULLOCH^ Secretary 
9/ the U, S. Treasury. 

"Your book interests students more than any I have ever instructed from." — President T. 
D. H^OOLSEVy Vale College. 

" So far as I have been able to read it, it seems to my humble judgment remarkably dear, 
as well as well-timed and sound.**— Hon. IV. E. FORSTER^ M. P., Leeds, Eng. 

" The gem of your work is ' foreign trade.* It is the best thing I have ever seen, the most 
clear and satisfadlory. If my friend Cobden were alive, he would send you his congratula- 
tions and thanks.*'— /^<?«. A MAS A WALKER^ M.C.^ LeSlurer on Political Economy, 
Amherst College. 

"As a manual for general reading and popular instrudtion, Prof. Perry's book is for superior 
to any work on the 8ubje<^ before issued in the United States." — AVw York Times. 

" We cordially recommend this book to all, of whatever school of political economy, who 
enjoy candid statement and full and logical discussion." — Nena York Nation. 

" There is more common sense in this book than in any of the more elaborate works on the 
same subje<5l that have preceded it It is the most interesting and valuable one that has beci 
given to the American public on this important subjefl," — New York Independent. 

" In all the portions of the book which we have read the author shows himself to be k 
clear, strong, bold, and generally sound thinker." — New Englander. 

" Prof. Perry has certainly produced one of the best elementary treatises on political ea» 
emy that we have ever met with in any language." — New York Commercial. 

" Prof Perry is a vigorous thinker, a clear and forcible v/ritcr.**— Princeton Review. 
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TDORTER. — The Human Intellect. With an Intro- 

''■ du^ion upon Psychology and the Human Soul. By Prof. 
Noah Porter, D.D., of Yale College. One volume, 8vo. $4.50 

This work was prei)ared as a text-book to be used in the class-rooms of 
Colleges and Higher Seminaries. At the same time it is so copious in 
freatment, and so abundant in illustrative matter, that it will be valuable as a 
book for general reading, and as a standard of reference for the Library. 
The author has moreover not only designed to furnish a text-book wjiich shall 
\yt sufficiently comprehensive and scientific to satisfy the wants of the many 
students of Psychology and Speculative Philosophy, who are found in our 
higher institutions of learning, but also to prepare a volume which guides 
the more advanced student to a clear understanding and a just estimate of" 
the questions which have perpetually appeared and reappeared in the history 
of Philosophy. The critical judgments of the views of other philosophers, 
both d6ad and living, will not be without value ; and the principles defined, 
while they are rigidly sdentific in their matter and spirit, will be found to be 
uniformly favorable to a sound and settled faith in the axioms of spiritual 
Philosophy and the verities of ethical and Christian truth. The volume 
is §0 well divided by sections, and so copiously furnished with marginal titles, 
as well as distributed into numerous paragraphs, printed in various type, aa 
to be readily consulted and easily used for recitation and review. 
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CTRICKLAND. — Lives of the Queens of Eng- 
*^ LAND. From the Norman Conquest. By Agnes Strick- 
land, author of the Lives of " The Seven Bishops." Abridged Edi- 
tion. One volume, i2mo, $2 00 

Miss Strickland's Lives of the Queens of England has enjoyed such wide 
popularity that an abridged edition for the use of younger students has 
been for some time imperatively demanded, and no one certainly was so 
well qualified to execute the work as the authoress herself. In this volume 
she has compressed into a comparatively small compass everything neces- 
sary to render the Lives of the Queens pleasing and instrudlive for scholas- 
tic purposes. " The whole series of biographies," as Miss Strickland 
remarks in the preface to this edition, "comprises a domestic history ol 
England from the Norman Conquest to the .death of Queen Elizabeth, and 
ot Great Britain from the accession of James to the death of Queen Anne." 
The volume has no superior as an historical text -book covering the evcntf 
of this interesting period- 
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C HELDON. — A Manual of Elementary Instruc 

^^ TION ; containing a Graduated Course of Obje<5l Lessons foi 
Training the Senses and Developing the Faculties of Children. 
By E. A. Sheldon, Superintendent of Schools, Oswego, N. Y. 
One volume, i2mo $2 oo 

Lessons on Objects. Graduated. Se- 
ries ; designed for Children between the Ages of Six and Four- 
teen Years ; containing also Information on Common Objedls. By 
E. A. Sheldon, Superintendent of Public Schools, Oswego, N. Y. 
One volume, i2mo |2 oo 

First Reading Book. In Easy and 

Familiar Words, designed to accompany the Phonic Reading 
Charts. By E. A. Sheldon. One volume, i6mo . . 25 cts. 

Phonic Reading Charts. By E. A. 

Sheldon. Eighteen in a set, on roller . . . . $6 00 

** Obje6l Lessons " long ago assumed a place of the first importance as 
one of the most effe6live means to aid in the development of the faculties of 
the young ; and these text-books and charts, which have been prepared by 
one who has had long experience in this branch of education, may be relied 
on as thoroughly practical, and as precisely adapted in every respe(5l to the 
obje(5l which they aim to accomplish. 

CRITICAL notices. 

" This work (Elementary Instru(5lion) presents a graduated course of instrudlioDt 
designed to train the senses and develop the faculties of children. It is, in other words, 
a pradlical embodiment of the system so successfully introduced in the public schools of 
Oswego, N. Y. — a system whose theory and pradlice have alike commended it to hun- 
dreds of the most eminent teachers of the country. . . . We take great pleasure in 
commending the work to all progressive teachers who may wish to obtain a thorough 
and praftical guide io objeiSl-teaching, or rather in that system of primary instrudtion 
which is based upon the principles of obje(5l-teaching. It contains more of valuable in- 
strui^ion upon this subjed than any other treatise which has come under our examina- 
tion."— OAii; Educatiofutl Monthly ; Hon. E. E. WHITEy Editor. 

" This (Lessons on Objei5ts) is the second work of this charadler by Mr. Sheldon. 
The first was entitled ' A Manual of Elementary Instru(5Hon,' and was well received. 
This gives more matter which is suggestive to the teacher than instru(5live for its use. 
The first book taught more of the * how to teach,* and was intended to give instnwStioB 
to that end. This, however, deals more extensively in the ' what to teach.* We wonld 
recommend this book as one which will be of great assistance to the really progreaava 
'uielligent teacher."— ////w^w Teacher 
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T^ENNEY. — Natural History. A Manual of Zo- 

^ ology for Schools, Colleges, and the General Reader. By 
Sanborn Tenney, A.M., author of '* Geology," etc., and Professor 
of Natural History in Vassar Female College. Illustrated with over 
five hundred Engravings. One volume, crown 8vo, cloth, . $3 00 

— The Same. — Large Octavo Library Edi- 
tion, on tinted paper $4 oo 

Prof. Tenney's work is designed to give a general idea of the animal king- 
dom, especially as it is represented in North America, thereby making the 
learner acquainted with the leading fa6ls and principles of zoology in gen- 
eral. The author has followed the plan of Cuvier essentially, making such 
modifications only as have received the san6tion of eminent naturalists. The 
descriptions of the different animals in the letter press are exceedingly clear, 
and special pains have been taken and no expense has been spared to make 
the illustrations superior to those which are to be found in other text-books 
upon natural history. Nearly all of the woodcuts have been specially en- 
graved for this work in the most careful manner and by the best artists, after 
drawings made on " a scale " to insure their perfefl accuracy. The favor 
with which the volume has been received is sufficient proof of the correct- 
ness of the convi(5tion in which it originated — that such a work was needed. 
It has already taken a place as a standard treatise ujion the very interesting 
subje<5l which it expounds. 

TTENNEY, (S. & A. A.).— Natural History of Ani- 

MALS : Containing brief descriptions of the Animals figured in 
Tenney's Natural History Tablets, but complete without the Tab- 
lets. By Sanborn Tenney and Abby A. Tenney. Illustrated with 
five hundred Wood Engravings, chiefly of North American Animals. 
One volume, i2mo, cloth, $2 00 

Prof Tenney's more elaborate work for the use of higher schools, colleges, 
etc., is here somewhat abridged, and adapted for use as a text-book in com- 
mon schools, etc., etc The very superior illustrations which add so greatly 
to the attractiveness and instrudliveness of the larger volumes are also em- 
ployed in this work, making it one of the most valuable text-books upon this 
subject now extant. The natural history tablets alluded to in the title are 
invaluable aids to the study of the science, although the work is complete 
«nthout them. 1 

OPINIONS OF practical INSTRUCTORS. 
*• ft seems to me well executed, and to embody largely the more recent progress in zoolo' 
(5. It is a great pleasure to have something fresh b:)th in matter and illustrations, mnd 
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not the perpetual rehash of both which we have been so long accustomed to see. It can 
not fail to meet a want among students and teachers, and will, I am sure, prove a tnilj 
useful addition to our educational text-books."— -Pre/". JEFFRIES IVYMANy LL.D.. 
Harvard University. 

" My first impressions of the work are quite sustained by the more careful examina- 
tions which I have now given it I believe this is the fin>t instance in which we have 
had an elementary zoological text-book, furnishing a modem and authentic classification 
with illustrations firom American subjects. Your treatment, moreover, I consider sytematic 
md judicious. I shall introduce the work into the University." — A. WlNCHELLt 
Professor of neology ^ Zoology y and Botany.^ University of Michigan. 

nPENNEY. — Elements of Zoology : Designed to pre- 

'*" cede the Manual of Zoology. By the author of *' Geology, etc.," 
and Professor of Natural History in Vassar College. Illustrated 
with 500 Engravings. One volume, 1 2mo. (hi press.) 

»*» Catalogues containing descriptions of Tenney's Natural History 
Tablets, and of our other educational appliances, sent free to any address 
upon application. 

T^RENCH. — A SELECT glossary of English Words 

-■■ used formerly in senses different from their present. By 
Richard Chenevix Trench, D.D., Dean of Westminster. One 
volume, i2mo, $1 25 

In this work the purpose of the distinguished author has been rather to 
^irouse curiosity than to fully gratify it, and it will therefore be found a valaa 
ble incentive to philological studies. 

\1 /"HITNEY. — Language, and the Study of Lan- 

GUAGE. Twelve Le6lures on the Principles of Linguistic 
Science. By William Dwight Whitney, Professor of Sanscrit 
and Instru6lor in Modern Languages in Yale College. One volume, 
crown 8vo, cloth, |2 50 

This work, which is founded on courses of le(5tures delivered at the Smith- 
sonian Institution in Washington and the Lowell Institute in Boston, is au 
attempt to place all the principal fa6ls regarding language — its nature and 
u. igin, its growth, its classifications, its ethnological bearings, its value to 
man — in a clearly apprehensible form before the English reader and student. 
la (^iscassing these themes, it is the author's endeavor to combine a 
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stri(5lly logical plan and scientific method with a popular style of treatment. 
Technical and metaphysical phraseology is avoided as much as possible ; 
the progress of the argument is always from that which is well known or 
obvious to that which is more obscure and difficult ; the illustrations are for 
the most part chosen out of our own language ; the needed principles arc 
established by induction from fa6ls which lie within the reach of every well- 
educated person. Such a summary of linguistic science as is here presented 
ought to be included in every scheme of advanced education ; and it is 
believed that the work will fill a want long recognized by the teachers in 
our higher institutions, and be widely adopted as a text-book for instru6lion. 

CRITICAL NOTICES. 

"The work of Professor Whitney is one of unusual interest, which will afford to the general 
reader a better survey than he can elsewhere find of the present state of linguistic science, aiu! 
it is also full of original and profound conclusions respecting the nature and office of humaii 
speech. By its {lerusal, an intelligent reader will of necessity be quickened to higher iniel 
lectual adtion, while the fadls and principles he w^ill learn will be suggestive and fruitful in all 
future studies respecting the chara<5ler and history of man." — Neva York Tmus. 

** Of all popular treatises on language that have yet been published, this is certainly th« 
most scientific and the most satisfa<5lor)'. Platonically speaking, it cunies nearest to the idci 
of a linguistic treatise. ... In taking leave, we nuist say that a more thoroughly excellent 
treatise has perhaps never been produced by any American scholar." — North Am. Review. 

** It is rare to fiad in a work which is professedly and in its nature a compend, so nuich 
that is original. ... It is at once cha ablest exposition, and the largest addition, that the 
science has yet received from any single contributor among those who use our English tongue." 
— Princeton Review. 

** Professor Whitney has treated th« Science of language in a scholarly and masterly style 
His treatise abounds witli accurate and acute remarks. It may very usefully be studied iii 
our colleges and theological seminaries, and deserves the careful attention of clergymen, and 
indeed of all literary men." — The Bibliotheca Sacra, 

** With real and consistent method, though with little fotmality of division and subdivision. 
he takes up^ point by point, all that comes fairly within the scope of his plan, so that the care 
All student may derive from the book a systematic and symmetrical view of the whole sub 
jedL" — New En^iander, 

** Professor Whitney has produced a work of great value— on the whole, we think, the 1m:.*i 
introdu6lion to linguistic study in its general and comparative aspects." — A merican Presby 
terian and Theological Review. 

'* The recent work of Professor Whitney on the study of language admirably exeinplifiet 
and illustrates the modem spirit of linguistic investigation. In it we find the utmost sobriety 
of speculation, the most careful and laborious indudlion, the most conscientious separation €A 
the known from the unknown, of that which has been ascertained from that which is merely 
conje<Jlured." — The Nation. 

" His book is a rich thesaurus of comparative philology, embodying the results of receni 
scientific research in continental Europe, with original suggestions of rare sagacity and com 
prehensiveness." — New York Daily Tribune. 

" It is a matter of simple justice to state, in conclusion, that the penisal of these lectnrei 
has aflfi>rded us much plensiire and advantage. They . . . would do honor to any counrry." 
— London At/uni^nm. 
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XirOOLSEY. — Introduction to the Study op 

^ International Law. Designed as an aid in teaching an»l 
in historical studies. By T. D. Woolsey, D.D., LL.D. This 
edition revised and enlarged. Cloth, . . . . $2 5c 

No one understands better than President Woolsey both what the student 
needs and what the instructor requires in a text-book upon this important 
sui^je^ Originating, as the work did, in a want which the author had him- 
self long experienced, and devoted as it is to the discussion of a subje<5l with 
which he is thoroughly familiar, this " Introduction to the Study of Inter- 
national Law " forms at once the most comprehensive and exhaustive text- 
book upon this science ever published. The first edition appeared in 1S60, 
and was very well received, for besides having other testimony offered as to 
its merits, it was at once adopted as a text-book in many of our colleges. 
The second edition has been corre(5ted with care, and touches mere fully 
than the former on some points of the science which the late war brought 
up. We call attention particularly to the two Appendices, especially to the 
second, in which a list of political treaties, which before appeared in the 
body of the work, has been separated, and stands by itself in a greatly en- 
larged form, with all necessary references to the collections of Dumont, I)c 
Martens, etc 

critical notices. 

** Though elementary in its charadler, it is still thorough and comprehensive, and presents 
a complete outline of that grand system of ethical jurisprudence which holds, as it were, ir 
one community the nations of Christendom. The author, in his modesty, disclaims all pre- 
tensions to be an instru<5lor of men in the legal profession, but we apprehend there are very 
few lawyers who may not be made wiser by a study of his treatise, for, up to i860, there had 
not been settled a single principle of international law which it did noi set forth and illus- 
trate." — New Vork Exantiuer. 

" He has admirably succeeded. The want was that of a compendium treatise, intended, 
not for lawyers nor for those having the profession of law in view, but for young men who art- 
cultivating themselves by the study of historical and political science. Wliile the work giv*?- 
the state of the law of nations as it is, it compares the actual law with the standard of juFticr. 
and, by exhibiting the progress of science in a historical way, brings it into connedlion will 
the advances of humanity and civilization." — St. Loitis Republican. 

" The first edition of this work has met, if not entirely satisfied, a want long felt in this conn- 
try for a popular compendium of the general principles of international law — something mort 
convenient and accessible to the general reader than either Vattel or Wheaton. As a text 
book, too, in an ordinary collegiate course, it is rather more appropriate than either, 'i b* 
editor and politician will find it a convenient companion. Its appendix contains a most use 
ful list of the principal treaties since the Reformation." — New York Eiienhig Post. 

" We commend this work to our readers, as the produ<5lion of one of the ablest minds •'• 
U\e country." — Boston Recorder. 
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NEW YORK, •-» 



Tall tlio attention of the reading public to their stock of Enplish books, which is by fal 
the largest, the most varied and select in this country, comprising the most impuiiaut 
works in 

sivchiierfure and the Fine sirft, ^ffviculhtre and Sural £conowy, 

^piendidfy riiutfrated yVorK'fy lieraidty, 

JSii^ineeving and Mechanics y J/it/ory and Tiiography, 

Oeolopy and Mineraioffjy, T*oef>y and Fiction, 

Mining and Metallurffy, ^^hi/osophy and Seliffiotty 

Chemithy and Physics, £dueaNonai M'orkt, 

^^aiut'ai Jlistoty, Standard Lihraty SooAs, 

Messrs. Scribner, Welford & Co. receive by eret'y steamer, consignments of the 

^aiei&f ©mulish ^TJlPiibticafiono. 

They are selected and forwarded by Mr. Charlies Wklford, who has for the last two 
y«>HrH resided in Loudon. Mr. WelfoixTs long exiHirience in the trade and his thorough 
Ht-quaintauce with books, enable him to fully appreciate and to anticipate the wauttt ol 
the American Uterary public 

Messrs. Scribner, Wklford & Co. also Fct as special agents for, and have constantly 
oil hand a lut^e stock of the publications of the following leading English huu8<-K : 
I'HKDKRicK Warne & Co., Bell k Daldy, (Bohu's libraries,) Sampkon Low, Son * 
M.MI.STON, Bradbury k Evans, Lonoman & Co., Charles Griffin k. Co., Wilijam 
I Blackwood & Sons, Macmillan k Co., Jackson, Walford k Co., Williams ani» Nok- 
•i-vTE & F. NoitOATE, James Parker k Co., A. Fullarton k Co., Hkxuy Uenkilaw 
John Ruksell Smith, and all the principal pnbUshers of Great Britain. 

Special attention is given by Messrs. Scribneb, Welford k Co. to the iniportatioD 

«»f works for 

LIBBABIES OF COLLEGES AND LITEBABY DESTITUTIONS. 

and their facihties enable them to execute all orders of this descriijtion witli care and 
Itromptness, and upon the most fovorable terma. 

111 any part of the Unit<^d States, may rely upon havhig their commissions filled with 
perfect satisfaction to themselves. Mr. Welfoud will give special and x>crsonal attention 
to making purchases in London, and books will bo carefully ^lacked and forwarded to 
any address, at reasonable rates. 

*^*A'»/// Cataingiii-tt fifihf iwjtnrfnfifms of Messrs. 8<iithNF.r, Weltord & Co., crpcp*- 
tiantlfi issut'd, atid will In- ami u, avjj -hhlnxs u/m/ii a/ plhu'wH. 
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